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Absolute Calibration of the National Bureau of Standards 
Photoneutron Standard: I 


J. A. De Juren, D. W. Padgett, and L. F. Curtiss 


The absolute emission rate of neutrons from the National Bureau of Standards radium- 
beryllium photoneutron standard source has been determined from the volume integral of 


the neutron absorption rate in water. 


Thin indium and manganese foils were employed to 


measure the thermal-neutron density as a function of distance from the source. The foil 
activities were converted to neutron densities bv calibration of the foils in a reference thermal- 


neutron flux previously calibrated with boron films 


\ motor driven mechanical integrator, 


which moves foils radially from the source at a rate that takes into account the increase in 
area with distance from the source and the decay of the foils, provided over 80 percent of 


the volume integral \ value of 1.265> 


10° neutrons per second was determined for the 


emission rate of the photoneutron standard, with an estimated standard error of 3 percent. 


1. Introduction 


It is desirable that a neutron standard have a 
nearly constant rate of emission over a relatively 
long period of years, or that corrections due to 
changes follow some law which makes their computa- 
tion simple. Ra-Be(a,n) sources do not fulfill this 
requirement since their strength depends upon other 
factors than the amounts of radium and beryllium 
present, and the growth of the alpha- 
particle emitting polonium causes an increase in the 
neutron emission rate of approximately 9 percent at 
equilibrium. Therefore, a Ra-Be(y,n) was 
selected as a standard because its decrease in activity 
With time is proportional to the decrease of radium. 

Two nearly identical radium-beryllium  photo- 
neutron sources [1]! have been constructed to serve 
as standards for the Bureau. Each source consists 
of a beryllium sphere, 4.0 em in diameter, at the 
center of which is placed one curie of radium in the 
form of RaBr.. The radium in both sources was 
initially enclosed in) platinum-iridium capsules of 
0.2 mm wall thickness. One capsule developed i 
leak and was subsequently enclosed in monel of 1 
mm thickness. The having the original 
capsule (NBS #1) has been chosen as the primary 
standard for the absolute calibration, and an alu- 
minum jacket was placed around the beryllium to 
protect it. 

The calibration of the neutron emission rate is 
based on the Frisch-Walker method [2] with certain 
modifications. 


2. Method of Calibration 


In this method of calibration the source is placed 
in a volume filled with a moderating medium which 
slows down and captures practically all neutrons as 
thermal neutrons before they escape from the volume. 
Then the absolute source strength, Q, in number of 
neutrons emitted per second is directly equal to the 
neutron capture rate per second, This rate is de- 


because 


source 


source 


Figures 


in bracket ndicate the literature references at the end of this paper. 


his source may be borrowed by other laboratories for comparison measure- 
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termined, in principle, by measuring the density of 
thermal neutrons at various points in the volume, 
converting this to rate of capture by means of the 
thermal capture cross section for the medium, and 
integrating over the whole volume. 

In the measurements to be reported, water was 
used as the moderating medium. As detectors of 
thermal neutrons thin indium or manganese foils are 
used at various radial distances, 7, from the source 
and acquire a certain saturated activity, Aw(r), 
after exposure in the medium, Consequently these 
foils must be calibrated to permit the measured ac- 
tivity to be interpreted in terms of thermal-neutron 
density. Nearly all captures of neutrons in the water 
occur at energies less than the cadmium cutoff 
(0.5 ev), and indium and manganese have neutron 
capture cross sections which vary approximately as 
l/r in the thermal region. <A reference flux, eali- 
brated with boron films exposed in small pulse 
ionization chambers, was used to calibrate the foils. 
Kor the same foil activity in both the reference flux 
and water the ratio of the capture rate per mole of 
boron to the capture rate per mole of hydrogen is pro- 
portional to the ratio of the capture cross sections, 
On/On- 

The calibration is carried out in such a manner 
that the absolute values of the cross sections of boron 
and hydrogen need not be known. The number of 
neutrons per cm®*/sec captured in the thermal region 
as a function of the distance, r, from the center of 
the source is given by n(r)eMyou where n(r) is the 
thermal-neutron density, ¢ the neutron velocity, Wy 
the concentration of hydrogen in moles per cubic 
centimeter, and oy the thermal-neutron absorption 
cross section per mole of hydrogen. If the neutrons 
captured at energies greater than the cadmium cut- 
off be expressed as a fraction e(r) of the number 
captured in the thermal region then 


Q i| n(r)voMyon|1 + e(r)|r?°dr (la) 


rf 


where a is the radius of the source and no self-absorp- 
tion is assumed. <A small correction will be made 












later for neutron absorption in the source. As On? is 
a constant over the thermal region it may be re- 
moved from the integral and 


ta Viaoyv n(r) {1 | e(r) |redr. Lb) 


The neutron density, ”(r) is obtained by use of a 
reference thermal neutron flux having a thermal 
neutron density, ”7p. A measured amount of boron 
is exposed in a reproducible position of the flux and 
the disintegration rate per mole, In, of the boron 
measured by counting alpha particles from the re- 
action B'’(n,@)Lié with a pulse ionization chamber 
or a proportional counter. The detector foil is ar- 
ranged to sample the same flux as the boron and a 


saturated activity, Ag, is measured. Then 
Ap lip 9 
Anal? nr) 7 
But 
iF 
Tp lipldp or lip : 3 
vCOR 
which gives when inserted in eq (2 
Ay (rly 
nv ‘. ! 


Apron 


Introducing this expression for n(r) into eq (1b) we 


have 


rel Ire) 


tr Ma 


which expresses (7 In terms of the integral of the 
saturated activity of the foils (with epithermal cor- 
rection term) multiplied by an expression containing 
the readily measured In, Ag. and Ma 
and the ratio H/T, Vet to be determined. 


constants: 


3. Experimental Procedure 


/, was measured by exposing thin boron films of 
known mass in pulse-ionization chambers in the 
NBS thermal-neutron flux [8] generated by two 
Ra—Be(a, n) sources imbedded ina moderator. This 
calibration vielded a value of /,p= 1.76 10’ 207 
standard error) disintegrations per mole 
The value of Ag, the activity of the foil in this refer- 
ence flux was measured in the same way, to be de- 
scribed later, as the activity of the foil when exposed 
in the presence of the source under calibration 

In earlier experiments, oy om Was determined by 
foil measurements with water and with boric acid 
solutions as the absorbing media. Unfortunately 
the boron in the solution may not have the same 
isotopic composition as the boron used in determin- 
ing Jy. ‘Thode [4] has noted a geographical variation 
in the isotopic composition of boron and Walker 
reported a reproducible difference in the counting 
rate in a counter filled to the same pressure with 
BF; generated from two different compounds, when 
exposed to the same neutron flux. 


second 
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The boron in the films used for the determination 
of J/g, was compared with the “standard” boron of 
the Argonne National Laboratory by the danger 


coefficient method [5]. Since og/oqn has been pre- 
cisely measured for the “standard” boron, the com- 
parison by the danger coefficient method vields 
on on for the NBS boron. 

The ratio, og om has been measured as 2297 + 27 
by Argonne National Laboratory for their “stand- 
ard” boron [6]. From the danger coefficient com- 
parison 


0 s 
B(NB 0.988 + 0.006 


On Argonne 


(=*) 
on 
Because water alone was used for the absorbing 
medium only one comparison of the NBS boron 
with the “standard” boron is required. 
Equation (5a) may be expressed in the following 
form: 


which gives 


226, 


NBS 


| o 7 
= May = |] ™ €ave 


On e 


A tr 





since 


e/ a 
Cave . 


The ratio of epithermal to thermal captures, (7), is 
evaluated by measurements with a small boron-tri- 
fluoride or boron-lined counter, with and without a 
cadmium cover, as a function of distance from the 
source. From earlier measurements in our labora- 
tory and by Walker e.y¢=0.008 + 0.001 for pure water. 

We now proceed to describe the method of evaluat- 


ing the integral,42 |) Ay (r)r?dr, appearing in the for- 


mula for GY. To permit the use of a mechanical 
integrator in the experiment for determining the 
major part of this integral, the region was broken 
into three spherical shells having radii extending (1 
from r=5.0 em to r=20.0 em, (2) from r=20.0 em 
to? ©, and (3) from r=2.lemtor=5.0em. The 
addition of the contributions to the integral from 
these three regions gives the value from r=2.1 em 
to 7 

In the experimental arrangement the source was 
pin-mounted on a stainless steel rod in the center 
of the water which filled a stainless steel tank 107 em 
in diameter to a depth of 100 em as shown in figure 
1. The four detecting foils were held in light alumi- 
num frames by bifilar suspension from a metal 
framework above the tank. Lead weights were 
suspended at some distance below the frames, which 
were centered in a horizontal plane passing through 
the center of the source at positions 90° apart. <A 

















ow 








Veutron integration system, 


FIGURE | 
A, Photoneutron source; B, foils; C 


follower arm; D, cam 
cathetometer mounted, with scale horizontal, above 
the tank permitted the foils to be set within a frac- 
tion of a millimeter of the desired radius from the 
The distance from the center of the source 
to the center of the foil was chosen to give the de- 
sired root mean square distance averaged over the 
finite area of the foil. In water over 98 percent of 
the neutrons from the photoneutron standard are 
absorbed within 20 em from the center of the source. 
Normally a series of measurements would be made 
of foil activities as a function of distance from the 
source and the integral 


source, 


. 


tor Aw (r) r* dr 


obtained by graphical integration. This procedure 
has been followed in the marginal regions (2) and 
(3) but most of the integral has been obtained by a 
faster method. Following the method of Frisch 
and Walker, a mechanical integrator was used to 
determine the foil integral in the region from 5.0 
to 20.0 em. This integrator moves the foils at a 
rate to take into account the 7? increase in area and 
subsequent decay of the induced activity as the 
range Is covered In the interest of completeness 
the derivation of the Frisch-Walker cam equations 
is given in the appendix. 


3.1. Evaluation of Integral From Radius of Source 
to r=5.0 cm 


Slowing down theory indicates that the thermal 
neutron density distribution near the source is 
approximately gaussian and may be represented by 
the equation 


Aw (r)=Ce-"" 
The constants C' and ro were initially evaluated by 


indium foil activities at 4.5 and 5.0 em. As about 
15 percent of the integral lies within 5.0 em, more 
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Atm r2x 10°, Cts x cm®/ min 
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r, cm 
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FIGURE 4 Thermal inte gral for jirst sel of indium fouls, 


in Aw rv? dr=19.71X10° cts Xem4/min 


extensive measurements closer to the source were 
taken with manganese foils 1 em? and 3 mil thick, 
at 0.5 cm intervals from 3.0 to 5.0 em. The man- 
ganese activities were normalized to the indium foil 
measurements by the ratio of the indium to man- 
ganese thermal activities at 5.0 em and graphically 
integrated from 3.0 to 5.0 em. A plot of Ag (rr? 
as a function of r for the normalized manganese foils 
is given in figure 2. 


3.2. Extrapolation to r= © 


As the maximum neutron energy from the photo- 
neutron standard is only 0.7 Mev, thermalization 
occurs close to the source in water and beyond 20 em 
the neutron density distribution is almost entirely 
determined by the diffusion of thermal neutrons. 
For any source if the relaxation length in the sur- 
rounding medium is less than the diffusion length, 
diffusion will dominate at large radii. This prin- 
ciple was used to measure the diffusion length of 
thermal neutrons in water [7] and a value L=2.763 
-0.015 em was obtained. 

Since the neutron density results from thermal 
diffusion, 


Aw (r)=(B/r) e-"” 


in| Aw (r) r’dr inB | re 


0 20 


Ld. (7) 








Evaluating B at r=20.0 ecm 


B=20Ap (20)€°”. 
In terms of the activity at 20 em the integral becomes 


Lr Aw (7 


re dy 


807 Ay, (20) LZ [20+-L)] 
1.580 10*.A,, (20). (Q) 





4. Measurement of Foil Activities 


The first series of measurements were taken with 
20 percent indium 80 percent tin foils, 2.03.4 em? 
in area and 0.003 in. thick. Four foils were irra- 
diated simultaneously at the position desired and 
then counted with thin mica end-window Geiger 
counters whose outputs were fed to a mixing circuit 
so that the activities could be summed. Individual 
counting rates were close enough so that the sta- 
tistical weights were about the same for each foil. 
Uranium standards were used to check the constancy 
of the counters. An average resolving time of 270 
(+10%) usec, determined by the two source method, 
was used for the individual counters. For the 
highest counting rates the resolving time correction 
was less than 5 percent. In the determination of 
A, the foils were counted successively after each 
was irradiated alone in the standard pulse chamber 
in the position occupied by the boron film. 

Normally exposures were made overnight and the 
saturated foil activity was determined from repeti- 
tive cycles of foils, uranium standards, and back- 
value of 54.0 min for the indium 


ground using a 


half-life. 

The first series of foil measurements were made in 
1951-2. <A second set of measurements was taken 
early in 1954 after the standards laboratory was 
transferred to another building. 

Only two foils 180° apart could be followed by the 
cathetometer when the cam was being used. Any 
slight displacement of the source perpendicular to 
the line of centers of the foils causes an error of the 
second order in the distance from source to foil. For 
the above reasons two rather than four foils were 
emploved in the second series of measurements. A 
flow counter operating in the proportional region 
counted the foils which were exposed internally be- 
neath the anode wire. No monitor was required with 
this counter. The resolving time of the counter and 
associated electronics is less than 5 psec and the loss 
at the highest counting rate is less than 0.3 percent. 
During the first series of measurements 0.020 in. 
cadmium covers were placed around the aluminum 
foil holders when indium resonance irradiations were 
taken in the water tank. As a result about 0.5 em 
thickness of water was within the cadmium covers 
and part of the activity resulted from thermalization 
within this volume in addition to the 1.44 ev indium 


resonance neutrons. In the second measurements 
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the cadmium covers fit tightly about the foils so this 
effect could not occur. Irradiations were also made 
with cadmium around the aluminum frames so a 
correction could be applied to the initial measure- 
ments. 


4.1. Neutron Depression 


A correction must be made for the local depression 
in neutron density caused by a foil when placed in 
the water. Measurements taken here and elsewhere 
{S] indicate that empirical modifications of Bothe’s 
formulae give a close fit to the neutron depression 
caused by absorbing foils in various media. The 
formulae for the factor, Fy, by which the foil activ- 
ities must be multiplied to correct for the depression 
are 


(9) 


: af 3R OL - 
‘aii +3La.. R4 | vein 


0.34aR 
Ree 


Fy,=1+ if R<Y, (10) 
where a@ is the average probability of absorption of a 
neutron in an isotropic flux by a circular foil of radius 
R, L is the diffusion length, and \,, the transport 
mean free path in the diffusive medium. 

a=1—e~*(1—#)- tI (—t) 
pra No 


M 


where px is the thickness of the foil in grams per 
square centimeter, 1/7, the atomic weight, ¢ the ab- 
sorption cross section at the mean velocity, and No is 
Avogadro’s number, 


eI ( t) dt. 


at 

For the first set of foils using 
rh? 

pv 


6.8 em, 

10.08 mg/cm? of indium, 
o—171 barns, 

A, — 0.425 em, 

L=2.76¢m, 

F=1 
r=] 


+ 0.0126 using eq (9), and 
0.0124 using eq (10). 


One of the foils used in the 1954 measurements was 
only 2.5 mils thick and F=1.012 for the second set 
from eq (9). In the standard chamber the depres- 
sion is negligible. A correction must also be made for 
the absorption of indium resonance neutrons by the 
cadmium covers. Earlier measurements made of the 
decrease of foil activity with increasing thickness of 


cadmium vielded a value of 1.04 for the correction 5. Data 
factor with 0.020 in. cadmium covers. This correc- 


tion introduces only a slight error if neglected since Che foil activities at saturation are given in tables 
it occurs in the ratio of the cadmium difference | 1 and 2. A correction has been applied to the 
activities. resonance activities measured with the first set of 
TABLE 1 Foils 1, 2, 3, and 4 counted collectively with end window Ge ge? tubes 
Activity Activity : on piinielititas Corrected ’ 
P t vithout witl Resonance Correction resonance Mhermal inf te 
if vil factor * ICLIVILY , 
vimium cadmium wctivity “ 
Wa nk data 
( uts/min Counts/min Counts!mir Counts/min Counts/min Counts 
4 a 4444 +36 12086 uy 
tN7S5 + th) 1IS23 +A) 
Average W114 +21 L1M61 +14 12439 +1 0. WO7 11283 +14 s7TS31 +2 
44084 { 2.1 
1804 ri } i 
Ave 13807 2 LOOT ¥ 147s 24 “ 4 2 134. ; Wal l 
| 20 
- 7 14 ‘ 
2 oR xX 10 1s 
{ 
Ste - | 9 ts 10 
\ s ) ‘ 4 4 s 24590 12 l 23x 10) 
; ‘ 
S ly r +} / 1 
\ r HWA ao { { 25.2 


he 
l ABLE 2 Foils 5 and 6 counted with flo propo fironal counts 
\ \ | } . r 
‘ in 1; 
’ I 1 
\\ 
( ( ( ( ( 
‘ } } ~“ } 
Si) SOTD { I 
\ se 2 si aN ” j "2 l 
is { 
' < 
\ l i 24 1.8 | 
{ 242 s eve 
434 s my rt 
ys » { 
Su tL 
\ t 4 2 212 } lf 
T sZt 
R&S. OB 1K 
{ | 1; 107.4 0 
“ 
0 Fibu 
O00 +14 1IT16 10 
4 Q208 12 1711 “I t 7O1S 
Ke " } 
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TABLE 3. Foil activitic 
Activit \ 
I r withot \ 
cadmiu i 
( ‘ ( 
I tI ' 114 +2 1OS4 
Lis, 27 1138 » 
I $39 ‘ si { 
; S ‘ 
} “ } 
' } 


foils when covered with the old cadmium covers using 
the ratio of resonance activities measured with the 
new and old covers in the second set of measure- 
ments 

For the region within 5.0 em from the center of the 
source measurements were initially taken at radii of 
1.5 and 5.0 em with the first set of foils. The con- 
in the relation A,,( Ce were deter- 


mined from the data and the resulting integral 


Stunts 


tr€ r rd) vielded a value of 2.009 LO 
counts <em’/min. Measurements with 1 em? man- 


ganese foils were extended to a radius of 3 em from 
the table 3), and the extrapolation 
covers only 0.9 «em to the aluminum cover around the 
source By using the average ratio of the thermal 
activities of In to Min at the radii 4.5 and 5.0 em the 
integral for the manganese foils vields a value of 


source center 


1.971 lO’ countsem'*/min for the first set of 
indium foils (fig. 2 The source has a total nuclear 
absorption cross section of 0.4 em* for thermal 
neutrons and a correction must be made for self- 
absorption. To this end eq (4) may be used to 


evaluate the flux at the surface of the source and the 
computed number of neutrons captured internally 
is 6,000 $0°>) neutrons sec. For the calculation 
of @ the following expression was used 


On 


6,000 + 4x F'n Aywr’dr. (Se 


Ma 


l ++ Cave 
A, on 


i) 


/,, had increased from 1.761 to 1.767 10° disinte- 
grations per sec due to the growth of polonium in the 
Ra-Be (a, n) sources used in the standard flux when 


the second set of measurements was taken and 
My =—0.1108 mole/em*. 

Inserting the data @=1.243%10° neutrons, see 
from the first measurements and @=1.270 10! 
neutrons sec from the second set. 

6. Errors 
Errors from the counting statistics indicated in 


tables 1 and 2 are small and do not limit the final 
accuracy. The error in the cam integral is mainly 
caused by the deviations from the equation of motion 


in 5 om of source in water 
Re Phert P 
in 1 
4 V TLV \ 
( m Cour ( ’ 
1128 4 TS! 2 2.009 10" G f 
M04 +423 133! 
$58 1.1 
{7 l 
14 & 
{ + 
Lond . 
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and should be less than 1 percent in the second set of 
measurements where i small correction has been 
applied. For the region within 5.0 cm the integral 
appears good to 2 percent. The self-absorption in the 
source has been shown to be less than 1 percent by 
measurements of the activities of a manganese sulfate 
bath when the source is suspended either alone or in 
il large carbon block. Exposure in the block reduces 
the thermal neutron density at the surface of the 
source by a factor of 3 or 4 thus reducing the self- 
absorption. Perturbation of the thermal neutron 
density by one of the aluminum frames (total volume 
0.7 em*) supporting the foil in the tank should be 
less than 1 percent. In the second set of measure- 
ments the 4.5-hour activity of indium from inelastic 
neutron seattering and gamma excitation was noted 
and subtracted from the data. This activity was less 
than 0.5 percent of the initial activity for cadmium 
covered exposures near the source where the effect 
Was greatest 

For the final result the standard error resulting 
from compounding the individual errors is 3 percent, 
The foil data from the second set of measurements 
has about twice the precision of the first set and the 
final weighted mean | 1.26 10 3)) neu- 
trons sec for NBS #1. 


Is 4 


7. Comparison with Other Standard Sources 


The NBS standard source has been compared with 
the Argonne and Los Alamos standards by means of 
intermediary sources. Source #40 of Los Alamos, 
a 500 mg Ra-Be source Was compared with the 
Los Alamos standard in a graphite column and with 
the NBS source in a Mn SO, bath. After resealing 
in monel the NBS secondary photoneutron standard 
was compared with the Argonne standard in the sub- 
critical pile. The sourse was then compared with the 
NBs standard in the Mn SO, bath using a bismuth- 
lined proportional counter measure the tank 
activities. Table 4 lists the results. Since the errors 
in comparing the sources with the standards are of 
the order of 1 percent the errors listed arise principally 
from the absolute calibrations. 

The agreement with Los Alamos is not surprising 
since the methods are similar, whereas the Argonne 
calibration involves a measurement of the evolution 
of helium from boron [9] 


ai 


TABLE 4 
~ th Perce 
NBS calibration | ©O™parisor NBS 
I \ Ra-l “al 
#4 J ; I Ala 
~ ] 
NBS # I KB 
\ 
M 
The authors express their uppreciation = to HH. 


Rosenwasser, R. Olcott, and W. Bailey for assistance 
in some of the measurements, and to L. Costrell for 
construction of electronic equipment 
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9. Appendix -Derivation of Cam Equations 


To determine the motion let A be the initial 


counting rate when the foils reach the final position 


at r—20 em, 7, and ry the initial and final positions 
of the foils, 7 the total time of irradiation, and 
dX the foul disintegration constant Then ah mere- 


ment of activity dc T AAy, r) r dr where FK is 
the constant of proportionality be determined 
But dAg= AA (1) dt where ¢ is the time at 
which the foil aut Equating the two expres- 


sions for d.1 


to 


Is 


lr Ay /) AY, 
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and integrating 





The integration constant is determined from = the 
boundary conditions 
‘—Owhen? ry, 
t-- T when r=fo, 
a 
( — Kri—e~", and 
(=~ rh - 
Solving for A: 
; (1l—e~* 
A 11) 
forty c 
and since 
’ A : 
dal Ado, ; tor 1,, (yrrdr, 12) 
. A . 
Solving for r using AV from eq (11 
/ ( | : 
r=ry | 1+( a= (133) 
"; é l 


\ synchronous clock motor drives a specially cut 
cam attached to the top of the tank containing the 
source Rotation of the cam causes movement of a 
follower arm which displaces the foils radially in the 
tank. Initially the follower arm movement per- 
mitted weights to unwind control wires from a drum 
and displace the suspended foil holders. In- the 
second series of measurements two foil holders 180 
apart were displaced by control wires which were 
attached directly to the follower arm and rotated on 
individual pulleys instead of the drum 

The cam was designed for a 2 hour transit time 
using a value of 54.0 min for the indium half-life, 
corresponding to Av= 2.382 107° em After the 
initial cutting the curvature of the cam was modified 
until the movement of the foil in the tank followed 
r—f(t) in eq (13) within a few tenths of a millimeter 
as measured with the cathetometer at 5 min interval 
positions. 
1, 


WASHINGTON, August 1954 
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A Fast Responding Electric Hygrometer' 


Arnold Wexler, Samuel B. Garfinkel, Frank E. Jones, Saburo Hasegawa, and Albert 
Krinsky 


he performance characteristics of a fast responding electric hygrometer of high sensi- 


tivity are presented in some detail 


potassium metaphosphate to obtain a thin film of material 
The logarithm of the resistance is approximately linear with 


cially treated glass blank. 
relative humidity at constant temperature 
For the temperature range of 10° to 10) 
is obtained 
made in batches, 


elements, different 


2.7 percent relative humidity 

1 minute eveles 

it is 1.4 to 2.2 percent for intermittent 
off); and it is 


humidity, 
ao C. 


relative 
indication at 

of the element 
respect to water 
direction 


The hygrometer is made by evaporating, under vacuum, 


3 microinches thick) on a spe- 


The resistances vary from 4x10* to 108 ohms. 


is 1.9 seconds for a relative humidity change from 41.1 to 82.3 percent 
it is 3.4 seconds for the same relative humidity change in the reverse 
limes for 90 percent change in indication are 5.0 and 16.4 seconds, respectively. 


*, a group of nearly parallel calibration curves 
The manufacturing process is sufficiently well controlled so that hygrometer 
closely conform to a 
average hysteresis for the hygrometer element over the temperature range 0 
The polarization effect for reversed direct current loading 
is of the order of 0.3 percent relative humidity at the end of two hours; 
direct 
3.7 to 6.8 percent for continuous direct current loading. 
humidity eveling appear to be less subject to polarization. 
the average response time of the element for a 63 percent change in 
with an air velocity of 800 feet per minute parallel to the long edge 


The 
C is 


curve. 
to 40 


mean calibration 


15 seconds on, 45 seconds 
Elements aged by 
Following a discrete change in 


current loading 


with 


\t room temperature, the average response time, for a 63 percent change in indication, 


with a velocity 
from 35 to SO percent, 
respol ding times for 90 percent change 
lithium chlor 


element was found to be less bv 


1. Introduction 


At the present time, the device emploved for 
sensing the moisture content of the upper air in 


soundings with the radiosonde is a modification of 
the electric hygrometer developed by Dunmore 
1,2, 3).° One form of this hy crometer comprises 2 
flat strip of polystyrene base material, 4 in. long 
and ? wide, with sputtered tin’ electrodes 
on the two long edges, that has been coated with 
an electrolytic film of aqueous lithium chloride 
dissolved in polyvinyl acetate, polyvinyl chloride, 
or polvviny] alcoho! Another form comprises a 
flat strip of polystyrene base material 2 in. wide 
but otherwise essentially similar to the narrow type 
The concentration of the lithium chloride solution, 
which is held on the base material by the plastic 
binder, varies with relative humidity the 
varies with con- 
of the ambient 


Since 
resistance between the electrodes 
centration, it is then a 
relative humidity. 

One of the basic limitations of the lithium chloride 
livgrometer is its high time lag at low temperatures 
1, 7] of this, development work has 
locused on producing a faster responding hygrom- 
eter [5. 9] The date, is the 
carbon element [5] which, in flat strip form, appears 
to have a speed of response that is about four times 
as fast as the lithium chloride hygrometer. How- 
ever, even with this speed of response, 


heasure 


seen use 


most successful, to 


increased 
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of 768 feet per minute, is 0.10 second for a discrete change in relative humidity 
and 0.42 second for the same change in the reverse direction. 
are 0.74 
ide elements currently produced for radiosonde use, the response time of the 
at least an order of magnitude. 


Cor- 


and 11.2 seconds. In comparison with 


the carbon element falls far short of adequately 
responding, at the high rates (1,000 fpm) of radio- 
sonde balloon ascents now used and the still higher 
rates (2,000 fpm) anticipated, to humidity gradients 
that may exist in the upper air. 

In considering the ways in which the upper air 
humidity might be measured by radiosonde means, 
it was apparent that the electric hygrometer has 
several very desirable features. It is mexpensive, 
small and light in weight, easy to use, and gives a 
response directly in terms of resistance. The search 
for a fast responding hygrometer was directed along 
lines that would retain as many of these features 
as possible. The most promising approach seemed 
to be to find a material whose surface resistivity was 
reversibly responsive to relative humidity. 

All solids exhibit some degree of electrical con- 
ductivity both surface-wise and volume-wise, which 
increases with increasing relative humidity. In the 
early experiments, considerable attention was di- 
rected toward finding a material with a high volume 
to surface resistivity. It was felt that in order to 
obtain a fast responding element, it would be 
necessary to employ the adsorptive properties of a 
material, rather than its absorptive properties. In 
adsorption, the attainment of equilibrium between 
the adsorbed water vapor on the surface and the 
ambient relative humidity would be a_ relatively 
in absorption, the attainment 
slow, since the water vapor 
would have to diffuse into the material. This 
immediately ruled out highly porous materials. 
This also explained and clarified the lag limitations 


fast process, whereas in 
of equilibrium would be 








of the current lithium chloride element. This ele- 
ment uses a porous plastic binder to retain the 
lithium chloride solution on the surface of the base 
material For equilibrium to be achieved, water 
vapor must diffuse into this binder until the lithium 
chloride solution has reached its equilibrium con- 
centration. To improve the speed of response of the 
lithium chloride element, it would be 
decrease appreciably the film thickness 
been attempted with some reduction in lag [9 

Initially, hvgrometer elements were devised from 
such materials as glass, porcelain, other dielectrics, 
and plastics, all relatively high resistance 
The use of bifilar windings of B & S No. 40 platinum 
wire tubular forms, intermeshing comb shaped 
electrode configurations on flat SUrips, similar 
schemes, brought these high resistances down to some 
measurable and usable range the 
ance range of such an element encompassed at least 
SIX This resulted in a remarkably high 
SCNSILIVIEN Furthermore, it appeared that for many 
materials, the logarithm of the resistance was roughly 
linear with relative humidity 

However, it was not until vacuum ¢ vaporated thin 
films were tried that elements of sufficient speed of 
response were obtained Of the various films so fat 
investigated, those formed by the vacuum deposition 
of potassium metaphosphate offer the most promise 
The main purpose of this papel therefore 
sent data in outlines the 
performance of this tvpe of hyvgromete: 


necessary to 


This 


has 


SCnSOrs 


on 
and 


Even so resist- 


decades 


is to pre- 


broad on design and 


2. Elementary Theory 


If a salt is dissolved in water, the equilibrium vapor 
pressure of the water will be depressed to some value 
lower than the saturation pressure of pure 
As the concentration of the salt in the 
increased, this vapor pressure lowering continues un- 
til a minimum vapor pressure is reached for the solu- 
tion at saturation. Further addition of salt normally 
If the saturated 
salt solution ts mn a closed space, this ambient space 
will eventually vapor 
which is dependent on the particular salt as well as 
on the temperature. If the saturated salt solution 
is surrounded by ah Open space, there will be a net 
flow of water vapor in or out of the solution, depend- 
rela- 


water 


solution Is 


has no effect on the vapor pressure 


wssume a constant pressure 


Ing on whether the ambient vapor pressure Ol 
tive humidity Is vreater oF smaller than that of the 
saturated salt solution If the flow is outward, the 


water will eventually evaporate completely leaving 
only dry salt. If the flow is inward, the 
will dilute until the concentration has 
enough so that the equilibrium vapor pressure of the 
salt solution is the same as that of the ambien 


solution 


decreased 


TE space 

Consider now a thin film of salt deposited on an 
insulator and exposed to amr ol relative 
humidity If the ambient relative humidity exceeds 
the equilibrium relative humidity of a saturated solu- 
tion of this salt, then the salt will sorb water and co 
into solution This process will continue until the 
concentration of the salt solution produces an equi- 
librium relative humidity equal to the ambient rela- 


constant 


tive humidity. By this time the thin film may have 


dissolved completely and the resultant solution may } 


have washed off the surface of the base materia] 
If the ambient relative humidity ts at the equilibrium 
relative humidity of the saturated salt solution, thep 
the salt will only sorb enough water to form a satu. 
rated solution On the other hand, if the ambient 
relative humidity is below the equilibrium value of 
the saturated salt solution, the salt film will adsorb 
water vapor, but this adsorbed water vapor will re. 
main in the Vapol phase ana will be held on the 
surface by physical bonding forces. The quantity 
of adsorbed water vapor will be a funetion of the 
ambient relative humidity If the insulator on whiel 
the salt film is deposited has electrodes, it is possible 


to measure its resistivity and to relate this measure. | 


ment with relative humidity 

\ hvgrometet! of this tvpe has an uppel lumiut equal 
to the equilibrium relative humidity of the saturated 
solution of the salt. Thus, it is important that the 
salt chosen have an equilibrium relative humidity that 
is as close to 100 percent as possible 

Assuming that the mechanism is purely one of 
adsorption, the response of the film to humidit 
changes should be practically Instantaneous If, i 
addition to adsorption, there Is some absorptior 
then superimposed on the initial fast response of thi 
film will be a secondary slow response. The magni- 
tude of this secondary effect, since it depends on 
diffusion, will depend on such parameters as filn 
thickness, porosity, and temperature. Usually it is 
difficult, if not impossible, to completely eliminat 
absorption, but it may he possible to reduce it toa 
tolerable or even insignificant amount 

Another feature of the absorption 
Which is detrimental to satisfactory hygrometric ust 
is the decided tendeney toward nonreversibility 
This may show up as a shift in indication with time or 
ora change in calibration slope 


phenomenot 


previous history, 


3. Description of Hygrometer 


The hyvgrometer consists of an insulating materia 
contamimge two independent parallel electrodes and 
having a thin film of salt, deposited, under vacuum 
on one surface The size and shape of the base, the 
length separation of the the 
thickness of the deposit ean be varied meel 
specific requirements The base of the hvgromete! 
used in this study of the performance characteristics 


and electrodes, and 


to 


is cut from 3x 1x in. glass microscope slides ° toa 
final size of 3 x X in. The glass is treated by 
Washing with detergent and water. rinsing with dis 
tilled water, immersing first in benzol and then 


acetone, leaching in nitrie acid at SO° C 
and rinsing agai with distilled water The intent 
is to cleanse the surface thoroughly and remove any 
free alkali whieh might the 
salt) film Silver paint ' is spraved along the long 


edges Oh one side ol the blank producing two parallel 


possibly contaminate 


for one hou 
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in. wide, 3 in. long, and having a \ in. 
separation. The blanks are placed in a furnace and 
heated to, and maintained at, 507° C for 144 hr. 
This serves both to fire the silver electrodes and 
anneal the glass. After cooling the furnace to 300° 
C in 20 min, the blanks are removed and allowed to 
return to room temperature. The are 
burnished with wool and the blanks again 
cleansed with detergent, distilled water, benzol, and 


electrodes 


electrodes 


steel 


acetone 

About 40 treated blanks are placed in the bell jar 
of a vacuum apparatus on an aluminum 
frame. A charge of 100 mg potassium meta- 
phosphate, made by the thermal decomposition of 
reagent grade potassium dihydrogen phosphate in air, 
is placed in a molybdenum crucible and positioned so 
that the blanks are 16%; in. from the charge, the 
electrode side of the blanks lacing the charge The 
bell jar is evacuated to a pressure of 5 x 107° mm Hg, 
120 amp of current passed through the crucible and 
the charge completely evaporated, 

Immediately upon removal from the bell jar each 
element inserted in a test tube contamime a 
desiccant The test tube sealed and it 
room temperature until opened for removal of the 


coating 


of 


Is 
stored 


Is 


elem ht prior to test or use 


4. Thickness of Film 


The thickness of the ey aporated film was measured 
by optical interferometer techniques using the 5876 
A line of a helium discharge tube. An optical flat, 
half covered with aluminum foil, was placed on the 
aluminum frame in the bell jar along with the glass 
blanks and coated during a routine evaporation run. 
The evaporated film was then covered with a second 
flat and the displacement of the fringes at the sharp 
edge of the film was estimated. This displacement 
so measured corresponded to |}; fringe, which is equal 
3 microinches, thus giving this value for the 
thickness of the evaporated film. 


to about 


5. Calibration 


Several objectives were kept in mind in calibrating 
the elements. First was the necessity of establishing 
an pormal calibration curve, resistance 
against relative humidity, for a number of tempera- 
This normal is the average resistance, with 
certain safeguards, of a number of elements manu- 
lactured at different at a given humidity at 
each temperature of interest. Different hygrometer 
elements were tested at each temperature 

Secondly, It Is necessary to know and set practical 
limits to the deviations, from the normal curves, of 
elements made from time to time presumably by 
following exactly the same procedure. The devia- 
tions can be determined by entering the normal curve 


average or 


tures 


times, 


with the resistance at various relative humidities of 


elements manufactured at different times and com- 
parmg the relative humidity obtained from the 
hormal curve with the test humidities. The pro- 
cedure of operating radiosondes to obtain data on 


73 


the relative humidity in the upper air is necessarily 
such that the calibration of the humidity elements 
must be as uniform as possible. 

The hygrometer element was calibrated at 40°, 
20°. O 20°, and —40° C in terms of resistance 
versus relative humidity. Seventy-eight individual 
elements were calibrated; at 40°, —20°, and —40° C 
the elements were calibrated in groups of 16, while 
at 20° and O° C, in groups of 15. At each test 
temperature, the group of elements comprised four 
randomly selected elements from each of four batches 
manufactured on January 11 and 12, 1954, except 
that at 20° C and 0° C one manufacturing batch 
was represented by three elements. 

The elements were subjected to atmospheres of 
known relative humidity in the NBS pressure humid- 
itv apparatus [10]. Relative humidities for tempera- 
tures below 0° C are always for supercooled water, 
to conform to current meteorological practice. The 
relative humidity was known to an accuracy of at 
least 0.5 percent RH. The element resistance was 
measured with a d-e electrometer circuit with an 
accuracy of 10 percent of the measured value. This 
is equivalent to an accuracy of about * of 1 percent 
RIT. 

The procedure emploved Was to expose the ele- 
ments to successively increasing values of relative 
humidity, and then to successively decreasing values. 
At each relative humidity, the elements were per- 
mitted to “soak’’? until two or more arbitrarily 
chosen elements indicated little or no change in 
resistance ina 5-min intervaloftime. The resistance 
of an element was taken as the indicated value after 
current was permitted to flow through an element for 
15 sec, 

At the low temperatures, especially at —40° C, it 
was not feasible to obtain a complete calibration 
loop. Suecessively decreasing values of realtive 
humidities, therefore, were utilized principally. 

From the data so obtained, average values of 
resistance were computed. For any test temperature, 
wherever possible, the mean of the resistances for 
increasing and decreasing relative humidity was 
calculated and used in plotting the curve of the 
logarithm of the resistance versus relative humidity. 
The calibration is shown as a group of dashed curves 
in figure 1, 

Entry was made on the average calibration curves 
of figure 1 with the resistance value for each element 
at each test point and the indicated relative humidity 
so obtained was compared with the test humidity 
produced by the NBS pressure humidity apparatus 
to vield deviations. 

A statistical study of the deviations was made in 
order to determine such factors as accuracy, repeat- 
abilitv, and manufacturing uniformity. The stand- 
ard deviation for the entire calibration from +-40° C 
to —40° C is 2.9 percent RH. The standard devia- 
tion at 40° C is 3.6 percent RI, at 20° C is 2.6 percent 
RIT, at O° C is 2.3 percent RI, at 20° C is 2.7 
percent R/T, and at 10° C is 3.8 percent RH. 
On the average, the standard deviation for any one 
element is 3.0 percent RH. If a deviation greater 
than 45 pereent RH is considered unacceptable, in 
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conformance with the basic calibration requirement 
of the standard radiosonde element S|, then 5 
percent RH will encompass 1.7 standard deviations 

It may deduced, therefore, that about 90 
percent of all calibration points will have deviations 
from the mean calibration curves that not 
greater than 5 percent R// 

If elements with one or more deviations greater 
than 5 percent R77 are excluded from the averaging 
process in computing mean values, a group of ad- 
justed calibration curves can be derived which is 
probably more significant for practical radiosonde 
The adjusted curves are shown in figure 1 as 


be 


use 
solid lines 

The number of elements with one or more devia- 
tions greater than 5 percent P77 is 25. This cor- 
responds to 33 percent of the elements. Similarly, 
the number of elements with one or more deviations 


greater than 7 percent Ril is 10, corresponding to 


13 percent of the elements Only one element, 1 
percent of the elements, had deviations greater than 
10 percent RH There does not appear lo be any 
dependence or relation between fabrication bateh 
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and magnitude of the deviations. Apparently, jf 
the manufacturing conditions are closely duplicated } 
as was done in the four manufacturing batches from | 
which elements were randomly selected for calibra. 


tion, the mean calibration curves should suffices , 
without individual calibration of each element 
Furthermore, if each element is given a l- or 9 


point check at room temperature, and all elements 
with deviations greater than 5 percent Ril discarded | 
the adjusted mean calibration curves should oye 
the relative humidity with adequate accuracy for 
routine upper air meteorological sensing. | 

The adjusted mean calibration curves form 4! 
group of nearly parallel lines that are approximately 
linear between the logarithm of the resistance and 
the relative humidity from 25 to 75 percent RH} 
Greater departure from linearity in a direction to 
reduce sensitivits percent RH 
The useful resistance range extends from about 1) 
to 10" ohms, the upper limit being set by such factors 
as electrical leakage and pickup limitations in the 
measuring circuit. While the adjusted mean eali- 
bration curves (based on characteristics of selected 
elements) are more significant in use than the curves 
based on all elements tested, there is little difference 
between the of curves except at high 
relative humidities 


6. Reliability of Standard Calibration Curve 


Subsequent to the completion of the calibrations 
described two additional calibrations wer 
made to determine whether elements fabricated or 
widely differing dates conform to a standard eali- 
bration. One group of nine elements, 
from two batehes manufactured on Mareh 29, 1954 
was calibrated on April 30, 1954, at 20° C. 4A 
group of 16 elements, selected from. three 
batches manufactured on August 4, 1954, was cali 
brated on October 21. 1954. at ZO +& j 

The average results are shown in figure 2. The 
solid lines represent the calibrations 
elements manufactured January 11 and 12, 
(section 5 The circles repre- 


occurs above 75 


two groups 


above, 


selected 


second 


and discussed abov ih 


sent the ealibration at 20 (’ of the elements 
manufactured on April 30, and the crosses, the 
calibration at 20° C of the elements manufactured 


on August 4. 

Entry was made on the adjusted mean calibratior 
curves of figure 1 with the resistance values for eae 
element at each test point, the indicated relative 
humidity so obtained compared with the test humid: 
ity, and the deviations computed The standar 
deviation for the nine elements calibrated at —20° ©| 
is 1.9 percent R77 w hile for the 16 elements calibrate: 
at 20° C 1s 3.4 percent RII 
tions compare favorably with the values of 2.7 an 
2.6 pereent R77 obtained in the original calibrations 
at —20° and 20° C 

The manufacturing procedure employed in fabr- 
cating elements on January 11 12, March 29, 
and August 4, is apparently uniform and repeatable, 
for the latter elements were made 2 
later than which the adjusted 
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and 


those on nverag 


obtained on! 
1954 i 


These standard devia, 


and & months) 


LOGARITHM OF RESISTANCE 


ealibs 
to as 
previ 
adjus 
for re 


In 
data 
expos 
CeSSI\ 
finall 
ting 
bient 
of an 
tive 
midit 
at tl 
hvste 
hvste 
for a 
teresi 
nomi 
and r 


4) 
A) 
0 
Oto 


V, if 
ited ? 
from | 
bra. 
ifficy ) 
ent 
r 2. 
lents 
‘ded | 
LIVE 


fi yr 


i al 
itely 
and 
RH. | 
n to 
RH 
- 10 
‘tors 
the 
cali. 
ected 
iT'ves 
ener 


high 


irve 


LOns 
were 
| or 
cali- 
ected 
954 
i 
hres 
cali- 


The 

| on! 
954, | 

‘pre- 
ents 

the 

ured 


LOI 
eacl 
LLIVE 
nid 
dari 
y? ( 
“ater 
‘Vla- 


an 


ibri- 


90 
ible, | 
nths\ 
rag 

















14 ] | ] | T | zr | 
sr 4 
2r - 
w 
Vv 
Fuk 4 
bd 
0 
£10 “ 
°F 7 
e 
S - 
° sr 
° 
4 
le ow -_ 
6r 4 
5 See ee eee ee P 
° 10 20 30 40 $0 60 7° 80 90 100 
RELATIVE HUMIDITY , % 
FIGURE 2 Man ufactur ing reproducibility. 
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calibration eurve Is based lt appears reasonable 


to assume that if elements are made in the manner 
previously described, they would conform to the 
adjusted mean calibration with sufficient accuracy 
for routine radiosonde use 


7. Hysteresis 


In the process of obtaining the basic calibration 
data at 40°, 20°, and 0° ©, the elements were first 
exposed to a low relative humidity, then to sue- 
cessively higher values of relative humidity, and 
finally to successively lower values thereby permit- 
ting the determination of hysteresis. At any am- 
bient relative humidity, the difference in resistance 
of an element converted to equivalent percent rela- 
tive humidity, for increasing and decreasing hu- 
midity, is defined as the hysteresis of that element 
at the ambient relative humidity. The average 
hysteresis is defined as the arithmetic average of the 
hysteresis for all the ambient test relative humidities 
for any given test conditions. The average hys- 
10°, 20°, and 0° © is given in table 1 at 
nominal ambient relative humidities of 25, 40, 60, 
and 75 percent. The average hysteresis is 2.2 per- 


teresis at 


TABLE |] Ilysteresis 
Relative humidity, 
erate Mean 
( 
2 4 t 7 
\ wwe hysteres Ril 
40 OR 1.4 9 2.9 2.2 
20 2.2 2.4 2.0 5.1 2.9 
0 1.0 2.9 4.0 4 0 
5 


0 to 40 


75 


cent relative humidity at 40° C, 2.9 percent at 20° 
C and 3.0 percent at 0° C; the average hysteresis for 
the temperature range 0° to 40° C is 2.7 percent. 
There appears to be a tendency for the magnitude 
of the hysteresis to be greater at the higher ambient 
relative humidities. About 6 percent of the ele- 
ments have a hysteresis greater than 7 percent RH, 
39 percent have a hysteresis greater than 5 percent 
RH, and 83 percent have a hysteresis greater than 
3 percent RH. The maximum hysteresis observed 
among all elements is 11.5 percent RH. In general, 
if an element is subjected to a humidity cycle of 
successively higher relative humidities and then suc- 
cessively lower relative humidities, the indicated 
relative humidities in the decreasing humidity di- 
rection are higher than in the increasing direction. 


8. Polarization 


The passage of direct current through an electric 
hvgrometer element produces polarization. This 
phenomenon manifests itself as an increase in re- 
sistance and hence leads to an erroneous indication 
in relative humidity. It is important that an elec- 
tric hygrometer that is used in a direct current circuit 


have little polarization so that errors from this 
source be small or negligible. 
For radiosonde use, it is anticipated that the 


hvgrometer elements will be employed with a d-c 
electrometer circuit. Elements were therefore tested 
under the current loading produced by such a circuit 
at room temperature and at a relative humidity of 
75 percent. Each element was exposed in a sealed 
jar over a saturated solution of sodium chloride for 
» hr without current loading, and then tested for 
polarization with current flowing through the ele- 
ment. The test was made with current on for 15 
sec and current off for 45 sec. The resistance of the 
element was approximately 10° ohms and the current 
through the element was about 107° amp. 

Two types of continuous current loading tests 
were also made: (a) the current was permitted to 
flow through the element continuously in one direc- 
tion and (b) the current was permitted to flow 
through the element continuously, but the polarity 
was reversed at a frequency of 1 epm. 

Elements with two different histories were used 
in these One group of elements was tested 
immediately upon removal of the elements from the 
test tubes in which they had been sealed after manu- 
facture. The other group of elements was tested 
after the elements had been “humidity-cycled”’. 
This involved subjecting the elements to alternate 
high (about 80%) and low (about 33%) relative 
humidities at room temperature for 1 hr without 
current loading, the exposure at each humidity 
lasting | min. The polarization test on elements so 
treated was made | day subsequent to this treatment. 

Four untreated elements and four “humidity- 
cycled” elements were tested in each manner. The 
results are shown in table 2. 

Of the three methods of current loading investi- 
gated, the reversed current loading produces the 
least polarization. At the end of 2 hr, the average 


tests. 








TABLE 2 Polarization at room te m perature and » percent 


relative humidity 
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observed decrease in indicated relative humidity for 
the untreated elements was 0.4 percent and for the 
“humidity-eveled”’ elements, 0.2 percent, These 
magnitudes are negligible as applied to routine 


radiosonde use. However, it must be noted that 
during the l-min period that current flows through 


an element in one direction, the indicated relative 


humidity decreases about 2 percent. On reversal 
of the current, the element first recovers but then 
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repeats the previous pattern. The end point, that 


is, the indicated relative humidity at the end of the» 


l-min period, was used for determining polarization 
Part of a tvpical recording of a reversed current 
polarization test is shown in figure 3. 

The i sec on 15 sec off current loading produces 
somewhat more polarization. At the end of 2 hy 


the average decrease in indicated relative humidity 
) 


for the untreated elements was 2.2 percent and for] 


the “humidity -eveled” elements, 1.4 percent Again 
the magnitude of the polarization for routine radio. 
sonde use is small. 


The polarization resulting from continuous current |! 


loading is much greater than that produced by thy 
other loadings. At the end of 2 hr, the averag, 
decrease in indicated relative humidity for the un- 
untreated elements was 6.8 percent and for thy 
“humiditv-eveled” elements, 3.7 percent 

A comparison of the polarization in the untreated 
and “humidity-eveled” elements indicates that the 
polarization error is reduced, approximately, by a 
factor of two, if the elements are humidity-cveled 


9. Speed of Response 


The speed of response of the hvgrometer was 
measured at room temperature and at 20° © and 
compared against that of the narrow lithium chlorid 
electric hygrometer currently used with the radio- 
sonde, At room temperature, a simple humidity 
lag apparatus, in which the relative humidity could 
be switched from one value to another in a fraction 
of a second, was used. At 20° C, the NBS divided 
flow humidity apparatus [6] was used. With this 
device, the relative humidity could) be switched 
similarly, from one value to another in less than a 
second. The response of the hyvgrometer was 
recorded on either a Brown strip-chart recorder o 
a Brush recorder. From these data the times 
required for the hygrometer to undergo a chang 
in indication of 63 and 90 percent were obtained, 

At room temperature, the change in_ relative; 
humidity used in this study was nominally 33 to 8 
percent At 20° C, the change was 50 to 10 
percent, based on ice, which is equivalent to 41.1 t 
sv m percent, based on supercooled water The alr 
speed during the room temperature tests was 768) 
fpm while at —20° C it was 800 fpm. The directior 
of air flow was parallel to and in the direction of the 
long dimension of the hygrometer. Four fast re 
sponding elements and four lithium chloride ele 
ments were used in the room temperature tests 
while at —20° © three fast responding elements an 
four lithium chloride elements were used. Wit! 
each fast responding and lithium chloride element,| 
the relative humidity was changed from a low t 
high and then high to low value two or more times. 
The average measured speeds of response are pre 


sented in table 3. 

The table shows that for humidity increasing, th 
fast responding element has roughly a consistent 
30 to 50-fold increase in response time under all 
conditions of test For decreasing humidity. th 
Increase 1D response time is substantially less an 
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more variable, the increase ranging from 2 to 29-fold. 
However, the increase in response speed is greatest 
at the lower temperatures where improvement is the 
most needed in making upper air observations in 
view of the response times of the lithium-chloride 
element at —20° C of over 3 min. 

Inspection of table 3 shows that the response time 
is tremendously affected by the direction in which 
the humidity is changing and by temperature in 
general increasing rapidly as the temperature of the 
elements decreases. In general the fast-responding 
element responds more rapidly for increasing than 
decreasing relative humidity changes. 

Typical response curves at room temperature and 

20° © are shown in figures 4 and 5, 

At room temperature, the fast responding element 
response curve exhibits a “kink” or reversal. In 
the increasing 7/7 direction this corresponds to about 
1's percent RI7; in the decreasing R/T direction the 
reversal of the order of 10 percent RH. The 
reversal may be explained by postulating that a 
evolved on increasing the 
while on decreasing the 
the desorption of water 
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vapor from the film is accompanied by a loss of heat 
or cooling. The heating or cooling tends to be 
adiabatic. Thus, for decreasing RH, the cooling 
decreases the salt film temperature as well as that 


of a thin film of air surrounding the element. Since 
the absolute humidity remains fixed, the relative 
humidity of the air film increases. The element 


immediately responds to this higher RH producing 
a reversal in the response curve. However, the 
main air stream quickly returns the element to tem- 
perature equilibrium, causing a second reversal in 
the response curve and permitting the element to 
approach its final value. The magnitude of the re- 
versal is controlled by two factors. One is the rapid 
speed of response of the element which drives the 
resistance to its final value; the other is the adiabatic 
temperature change which acts on the element in the 
opposite direction, that is, it tends to drive the 
resistance of the element back toward its initial 
value. The interaction of these two phenomena 
may produce the kink and determine its size. 

At —20° ©, no kink was observed. This is ex- 
plainable if the adiabatic temperature change ac- 
companying adsorption and desorption is too small 
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the temperature change, in turn, is explainable by | the termination of the test, one element indicated g 
the relatively small amounts of water vapor involved | relative humidity of 85 percent and the other, 83 
in the adsorption process and, hence, small amounts | percent 
of heat. After approximately 10 hr of exposure, several 
No kink or reversal in the response curve has been | droplets of moisture were observed on the surfaces 
observed with the lithium chloride element. The | of the elements. While the size and number of thes 
heat of solution, as the solution of lithium chloride | droplets did not appear to change, a large drop of 
on the element increases and decreases its concentra- liquid accumulated at the bottom of each element 
tion with decreasing and increasing relative humidity, | From time to time, some of the liquid presumably 
should raise or lower the film temperature. Since | flowed off the element into the water in the sealed 
the water vapor must diffuse through the plastic | test jar 
binder, the rate of heating or cooling of the film is 
relatively slow and hence the tendency for an adi- 1] R fe ence 
abatic temperature change is greatly reduced since - SSTSRCES 
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A Simplified Method of Measuring the Marginal 


Powers of Spectacle Lenses’ 


Francis E. Washer 


\ device is described that permits the 
spec tacle 


The 


lenses on 


a standard commercially 
device consists of a hemispherical mounting surface and a variable prism which when 


measurement of marginal meridional power of 


available 


vertex power measuring instrument. 


mounted on a standard instrument permits the measurement of meridional power with re- 


spect to the vertex sphere in the 


1. Introduction 


In the course of an investigation of the properties 
of curve” spectacle lenses with the aim 
of preparing performance specifications for by 
the Veterans’ Administration, it became evident that 
new test methods were necessary in order to measure 
the power of spectacle lenses in the extra-axial region. 
In another paper a Dew imstrument was deseribed 
that is capable of making all of the necessary meas- 
urements. This new instrument essentially an 
absolute instrument and is somewhat too complex 
well suited to general use 


“corrected 
use 


is 


lo be 

A method has therefore been developed whereby 
standard vertex power measuring instruments of the 
ivpe ordinarily found in opticians’ laboratories can 
he modified to permit the measurement of the degree 
of marginal of The 
modifications consist of a few parts that can readily 
be attached to the usual type of instrument such as 
the “Vertometer’ or similar instru- 
ments used in measuring vertex power of spectacl 


correction spectacle lenses 


“Let someter”’ 


lenses 

Comparison of measurements of marginal power 
made on a pumber of spectacle lerses (1 uSIDg such 
a modified instrument ard (2) using the spectacle 
tester, agreement Wi ile potas versatile 
as the tester, a modified measuripeg 


show » close 


spectacle lepse 


instrument can be used for the rapid checking of 
lenses for a selected extra-axial region It will 
generally be more practical for many workers to 


employ such a modification on an existing instrument 
than attempt to make a device like the precision 
spectacle tester 

The devices deseribed in the present paper were 
designed for a vertometer belonging to this 
laboratory It must be emphasized that the same 
modification can be used on a lensometer or similar 
commercially available type of instrument. It 
probable that slight changes may be necessary de- 
pending upon the type of instrument, but the funda- 
mental principles will remain the same. 
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extra-axial regions. 
meridional powers in the region of the lens normally used at a viewing angle of 30 
Some measurements on typical lenses are reported 
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It is used primarily to measure the 
from the 


2. Theory 


In prescribing spectacle lenses, it is customary to 
specify the lenses in terms of spherical and cy lindrical 
power as measured on the optical axis. It is pre- 
sumed that this prescribed power represents the best 
estimate of the correction required by the potential 
user. In looking through the spectacle lens only a 
relatively small area is used at a time and the degree 
of correction afforded when looking through the axial 
area is as prescribed. It is of interest to know if this 
same degree of correction prevails as the eve rolls and 
extra-axial areas are brought into use. The problem 
is not simple. Viewing conditions for the rolling eve 
differ markedly from those that prevail for the 
stationary eve looking through the axial region of the 
lens. The distance separating the rear surface of the 
spectacle lens and front surface of the cornea changes 
continuously as the eye rolls with the separation 
usually being a minimum in the axial region. In 
addition, the light incident on the front surface of the 
lens is subjected to refracting conditions which differ 
with the angular separation of the used area from 
the axial area of the lens. 

These difficulties can be circumvented by making 
all refracting power measurement with respect to the 
vertex sphere. The vertex sphere has its center at 
the center of rotation of the eye and its surface 
tangent to the rear surface of the spectacle lens at 
the point of intersection of the optical axis of the 
spectacle lers and its rear surface. The radius of the 
vertex sphere is 27.0 mm. By referring all measure- 
ments to the vertex sphere, comparisons can be 
readily made between refracting power at any speci- 
fied extra-axial region and that at the optic ‘al axis. 

In attempting to measure the refractive powers of 
a spectacle levs in the marginal regions as well as in 
the axial region, considerable confusion results in the 
use of the terms “spherical” and “cylindrical” power. 
In this paper, therefore, princ ipal emphasis is placed 
upon the “meridional power Figure 1 shows the 
region of the lens for which the values of the re- 
fractive powers are determined. The task of com- 
paring marginal and axial power is simplified by re- 
garding the several regions of the lens under test as 
separate lenses, designated 0, A, and B in figure 2. 
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2.1. Definitions 


For convenience, the definitions of all symbols 
used in describing the various powers and 
interrelations are collected into this section 
system specifying the powers in various 
patterned to some extent after the system devised 
by Whitwell and referred to by Emslev and Swaine 

Vp=One of the principal meridional It is 

given by the sum of the prescribed spherical and 

prescribed evlindrical power. It is the maximum 
meridional power when the prescribed powers are 
positive 

The principal meridional 
usually the same as the spherical power 
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areas Is 


pow? r 


It is 


is the 


H, second 


powe I 


It 





minimum meridional power when the prescribed 
powers are positive 
(‘p= Prescribed cylindrical power. It is the difference 
between the principal meridional powers and is 
given bv the relation Cp=—V, HH, 
H. H. Emsley and Wm. Swaine, Ophthalmic Lenses, 6th ed Hatton P 
Ltd., London, 1951 


their 


Vom Measured value of one of the meridional 
the optical center of the lens It is the measured 
power for vertical lines 7 

Measured value of the second meridional power at | 
the optical center of the lens. It is thy 
power for horizontal lines In the absence 
evlindrical power, Vo— Ho ' 

(> The measured evlindrical power at the optical cente 


powers at 


eas ured 


of the lens It is obtained from the relati 
Co= Vo— Ho 
V4,V 4-2 The measured marginal powers at points 


and | 


meridian as Vy, or 


in the same parallel to th 
meridian of Vy These are the measured marging 
powers for vertical lines 
Hy H rhe measured marginal powers at points 1 and |} 

in the same meridian as //g or parallel to the} 
meridian of /7, These are the measured marging 
powers for horizontal lines 

C's The measured evlindrical power at point A, give 
by the relation Cy Vya— IT, 

( The measured evlindrical power at point B, given} 


by the relation ¢ lV; Il, 


2.2. Additional Relations 


The following formulas are used in computing th 
departures of the measured values from the specified 
values for the axial region and the departures of th 
measured marginal values from the corresponding 
measured axial values 
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Hy—H, 
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3. Method of Measurement 


3.1. Measurement of Axial Power 


The usual tvpe of commercially available vertey 
power measuring instrument is designed primarily 
for in the measurement of axial power. The 
diagrammatic sketch in figure 3 shows the positior 
of a lens under test on a typical instrument. The) 
back surface of the lens is held firmly against the 
fixed reference opening, 7, of the instrument. — The, 
optical axis of the lens is centered with respect to 
the opening V/. Light from the movable target an 
calibrated optical system (not shown passes throug! 
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V and is incident upon the back surface of the lens 
under test. The target is viewed through the front 
of the lens w ith the aid ofa telescope. After position 
of best focus is found, the back vertex power of the 
spectacle lens is read from the scale of a movable 
drum calibrated in diopters 


3.2. Measurement of Marginal Power 


It is possible to measure the marginal power of a 
spectacle lens with respect to the vertex sphere by 
appropriate modification of a standard instrument. 
One modification that has been developed in this 
laboratory and found satisfactory is the addition of 
i hemispherical seating surface against which the 
lens under test is held. The radius of this surface is 
297 mm which is the value customarily accepted as 
being the axial distance separating the back surface 
of a spectacle lens and the center of rotation of the 
average eve This surface is so positioned that the 
edge of the standard opening /, shown in figure 3, 
is tangent to the hemispherical surface. For meas- 
urements of marginal power at 50 from the axis. a 
dot is marked on the hemispherical surface to locate 
a point 30° from the axis. The optical center of 
the lens during test is pressed against this dot as 
indicated in figure 3, which also shows the relative 
position of the marginal area A or B with respect 
to the opening Af. Because of the prism power 
introduced by this decentration and tipping of the 
spectacle lens with respect: to the opening AM, it is 
necessary to use suitable prisms to bring the emer- 
gent light beam into the field of view of the observ- 
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Figure 5 


modif fa erter 


Principal parts of the auxiliary equipment used to 
power measuring instrument to permit meas- 
irement of marginal power. 
Che parts shown are the hemispherical surface, S 
the clamping device, DD 


the variable prism, P; and 


An instrument equipped with these modifying 
is shown in figure 4. The hemispherical 
surface is identified by the symbol S; the clamping 
device is marked 2); and the variable prism in its 
holder marked P. The principal parts of this 
auxiliary equipment are shown separately in figure 5. 
The hemispherical attachment is so made that it 
fits over the regular mounting and does not prevent 
use of the instrument for the measurement of axial 
power. The prism holder contains two 15 diopter 
prisms that can rotate with respect to each other, 
thus permitting a variation in prism power ranging 
from 0 to 30 prism diopters. This range of prism 
power has been found adequate. 
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So long as unmounted lenses are being measured, 
this modified instrument can be used for the measure- 
ment of either axial or marginal power. It is not, 
however, practicable, in most instances, to use the 
modified instrument for the measurement of axial 
and marginal power for lenses mounted in spectacle 
frames. When measurements on such lenses are 
required, it will usually be necessary to remove the 
lenses from the frames prior to making the measure- 
ments. 


4. Results of Measurement 


The performance of several hundred lenses has 
been measured with this modified vertex power 
measuring instrument but for the purpose of this 
article, it is sufficient to show the results on a few 
lenses only in order to describe the measuring pro- 
cedures and the manner of arranging the data. 
Table 1 shows a typical summation sheet for a 
representative group of nine lenses. The prescribed 
spherical and cylindrical powers of the given lens 
head the column. These values are converted to 
nominal meridional powers Vp and Vy whose differ- 
ence is the nominal cylindrical power Cp. The axial 
meridional powers Vo and //> are then measured in 
the proper manner and their difference Co is the 
measured axial cylindrical power. The marginal 








powers at A and B are then measured. It is cus- 
tomary to make measurements of the marginal 
meridional powers on both sides of the axis. For 


example, the final accepted measured value of one 
of the marginal meridional powers is the average 
obtained for the two equivalent areas symmetrically 
located on either side of the axial point of the spec- 
The measured powers for these equiva- 
lent areas should actually be the same but there 
are usually small differences which arise in part 
from errors of measurement and in part from actual 
differences in performance. The reliability of the 
final accepted values of marginal power at A and B is 
increased by this averaging process. 


tacle lens. 


TABLI l Typical summation sheet fora group of nine lenses 
The table shows the prescribed powers, Sph and Cyl; the converted meridional 
prescribed powers, Vp, Jip, and Cp; the measured axial power | il and 
Co; the average measured marginal powers, V4, fZa, Ca, Via, H ind ¢ ! 
the measured values of the deviations | H,and AC at the points O, A,a 
R All values are expressed in diopters 
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Spl aL Le a 1 iM 2 ¥ . “ " 
{ ” ” hin ") ” ” 2 it 7 iv 
oT (mM) + i" + i” ” “ ” 7 
Hi +i" i) + iM > iM 2.1K " " 
{ 2 in c 4 “ 1." iw 4 4 
\ 9 TT "0 . 9 { 
H j ; {2 
( 1 ) ; 
V, , 8 47 s x s 
H 52 5 % 9 — 
{ | in 
\ ~ ts! s + iM 
H wT M s . 
{ 
\ " y 
H i 
{ “) 
Va 2 t 2 
Ha i 2 l ‘ 
CA 
\ » 9 “I 
HI 12 ~ 
{ ~ { y 


In making the measurements, it is customary to 
make and record five separate settings in the deter- 
mination of each meridional power for each area 
The uverage value obtained from these five settings 
is used in the determination of the powel meus- 
The determinations of 


iis 


ured by 2 single observer 


the meridional power are usually accurate to + 0.03 
diopters. 
Direct) measurements are made only on the 


meridional powers. The values of cylindrical power 
are given by the difference in the two meridional 
powers for a civen area. Consequently the probable 
error of a determination of the value of cylindrical 
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power for a given area is usually greater than th, 
probable error of determination of either of thy 
meridional powers, 
scribed values of the various powers are shown } 
the lower part of table 1. It is clear that the magni. 
tude of the variations from the prescribed powers js 
greater for the marginal area, cl and 3, than fo) 
the central axial area. 

At the time measurement of the marginal powers 
of spectacle lenses with respect to the vertex spher 
by means of a modified vertex power measuring jp. 
strument was initiated, there was some uncertainty 
regarding the reliability of this method. 
ingly the marginal powers at 30° off axis of a numbe; 
of spectacle lenses were measured on both the modi- 
fied instrument and on the precision spectacle tester 


The departures from the pre. / 


Accord- ; 


Comparison of results obtained by the two methods | 


9e 


showed good agreement. Table 2 shows a compari- 
son of measured results for two lenses by the two 
methods. It is evident that the differences obtained 


for the two methods are well within the limits of 


error and can be neglected. It can therefore be 
TABLE 2 Com pa ym of values obtained by two methods fo 
‘ esenta M e lenses 
I i nal | bed pow ‘ Ss} 1.10), Cyl 1.00 diopt 
Column A gives the results for the modified rt power measuring instrur 
Ler 
\ I I \ \ B B-A 
| (W 
Hl 1 i i H 
f 
I ‘ 
ii ss } 
f 
I 7 S ) 
i % x 


stated that, with the auxiliary modifving devices of 
the type described in this paper, the usual commer- 
cial type of vertex power measuring instrument eal 
be used for the accurate measurement of the mar- 
ginal meridional powers of a spectacle with respect 
to the vertex sphere 

Measurements on approximately 200 lenses hav 
been made in the course of this research Only i 
few of these measurements are reported here The 
author expresses his appreciation to the four observ- 
ers who have worked on. this project, They are 
Walter R. Darling, Paul V. Barrans, Nancy Green- 
wood, and Loyd E. Sutton. 


WASHINGTON, March 4, 1955. 
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Research Paper 2608 


Thermodynamic Properties of the Alkali Metals 


William H. Evans, Rosemary Jacobson,' Thomas R. Munson,’ and Donald D. Wagman 


The available data on the thermodynamic properties of the elements lithium, sodium, 
potassium, rubidium, and cesium have been analyzed, and selected values of these properties 


are presented in tabular form 
Fk Hl T: heat-content funetion. 
heat capacity, ¢ 


H 


Hy 


- heat of formation, A//f°:; free energy of formation, AFf 


The tables include values of the free-energy function, 


content, (/H H}) ; 
> and logarithm 


T; entropy, S°; heat 


of the equilibrium constant of formation, log A/, for the solid, the liquid, and the monatomic 


and diatomic gases as a function of temperature from 0 


1. Introduction 
\s part of a general program on the collection, 
analysis, and compilation of data on the chemical 
thermodynamic properties of chemical substances 
(1, 2] a survey has been made of all of the available 
data relating to the thermodynamic properties of the 
alkali metals, lithium, sodium, potassium, rubidium, 
and cesium. There is considerable interest in the 
use of these metals in chemical svitheses, as well as 
in their use as heat-transfer media. A large amount 
of new data has become available since the early 
summaries of Gordon [3] and Kelley [4, 5]; it is be- 
lieved that a complete summary of the data on these 
elements presented in a convenient tabular form will 
be very useful to engineers, physicists, and chemists 
engaged in) problems involving these 
This survey will also indicate gaps and weaknesses 
in the present state of our knowledge with respect 
ana requiring 


substances 


to these substances indicate areas 


additional research 


2. Units and Standard States 


The calorie used in these caleulations is the ther- 
mochemical calorie, defined by the relation: 1 eal 
$1840 abs j. The other constants are those given 


by Wagman et al. [6]. The ice point, 0° C, is taken 
as 273.16° KO [7j. The chemical atomic weights [8] 
used are: Li, 6.940; Na, 22.991; K, 39.10; Rb, 85.48; 


Us, 132.91 
the hypothetical ideal gas at l-atmosphere pressure. 
For solids and liquids the standard state is taken 
as the substance under l-atmosphere pressure (or 
saturated Vapor pressure, if this is greater), As Is 
customary, nuclear spin and isotopic mixing con- 
tributions to the free-energy function and entropy 
are omitted; all values are for the naturally occurring 
mixture. The symbols used for thermo- 
dynamic quantities are those used previously [1, 2]. 


Kor Uses the standard state chosen is 


Isolople 
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K to high temperatures. 


3. Calculation of the Thermodynamic 
Functions 


3.1. Monatomic Gases 


The translational contributions to the thermody- 
namic functions of the monatomic gases Li, Na, K, 
Rb, and C's were calculated by use of the equations 
given by Wagman et al. [6] (corrected for the new 
definition of the thermochemical calorie). The addi- 
tional contributions due to electronic excitation are 
easily obtained in terms of the partition function, 
. and the derived functions ()’ and i 


Q= Doge!" 
Q’ = Doigiler/kT)e~* "7 
Q”’=D5.:9i(e/kT)*e-* /*"7 


These contributions were evaluated by direct sum- 
mation. The energy levels, e;, and multiplicities, 1; 
were taken from Moore |9]. The factor he/k, used 
to convert wave numbers to degrees, was taken as 


1.43847. From these, the electronic contributions 
to the thermodynamic functions are easily obtained 
(F°—H,)/T=RinQ 
(H1°— Ho)/ T= R(Q’/Q) 
C°= R(Q’’/Q— (QV’/Q)’). 


3.2. Diatomic Gases 


The translational contributions to the thermody- 
namic funetions for the diatomic molecules Lin, Nas, 
K., Rb., and Cs. were evaluated with the same equa- 
tions used for the monatomic gases. The rotational 
and vibrational constants given in table 1 were used 
to calculate the thermodynamic functions for a rigid 
rotator {6} with moment of inertia, I, equal to 
h |8r’ceB,(1—a,/2)], and symmetry number 2, and 
for an independent harmonic oscillator [10] with a 
fundamental frequency of (w,—2#,@,).* 


Ihe pectroscopic notation that used by Herzberg [12 
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Maver and Maver [11], using an for 
the internal energy of the diatomic molecule that in- 
cludes the effect of rotational stretching, \ ibrational 
anharmonicity, rotational-vibrational 
tion, have obtained equations giving the corrections 
to the rigid rotator-harmonic oscillator approxima 
tion Starting with the same for the 
energy, we have obtained similat equa 
tions, In a somewhat more convenient 


eXpression 


and Interac- 


CXPPresslor 
eorrection 


form 


f° —H 8) 6 2a 
Corl 


RT a | (e" TC 


H Hl Ss) Of ba We JU 
Corl + + 


R7 o +’ 


corr 


+ 
, 
if 0 ( | ( | 


In these equations @ i; la, hel lr, wu 
w 25.W he j ‘. 0 a 3 ; and ty LD) I 

With these equations, corrections were enleulated 
at 250°, 300°. 500°. 1.000°. and 1.500° K: values at 
intermediate temperatures were obtains by linear 


interpolation The corrections ut 1.500 K are 
tabulated in table 2 
Part -_ @a } 

; gd ; h 


3.3. Solids and Liquids 


Thermodynamic funetions for the solid and liqui 


metals were calculated from published experimental ' 


low- and high-temperature heat-capacity and heat. 
content data. The low-temperature data, repre- 
sented as heat capacities, were plotted as a function 
of temperature on a large-scale graph, and the ‘best’ 
curve was drawn through the points. Values of thy 
heat capacity were read off at even temperatures 
Numerical Integration, using Simpson's rule, CAV’ 
values of [/ /7,.: mtegration of C7 gave values of 
7 S7 The observed heat 
lowest temperatures were fitted toa Debve function 
this to evaluate S S, and IT, IT at 
either 25° or 50° K. The free-energy funetion 
I /1],) T, wasobtained from the relation (/’,—//,)/7 

I] H1,)/T—S 

The high-temperature data, usually in the form of 
I] FT ox3 43, Were converted to (// H1,)/ 7, using the 
values of // /], from the low-temperature data 
These values were plotted as a funetion of tempera- 
ture laree ecole plot the “best” curve 
drawn, and values were read off at even temperatures 
These values of /] I] T were smoothed to obtan 
the final values of (// H1,.) Tand Tl I] N umer- 
inl integration of (// I] I I I1,)/T 


To obtain the values of the heat capacity al higl 


capacities at thi 


Was used 


On a Was 


rave 


1) 
1 
NN 


Bil 


4 

ard il 
capi 
not | 


} there 
porte 
AH 
been | 
mit d 
The 1 
mariz 
the h 
obtaL 


and | 


temperatures, the smoothed values of // i wert 
fitted to an equation of the form | 
I] I] A+BT+CT°?+ D/T 

In fittine@ thus equation the heat content and heat 

capacity at 300° Kk, selected from the low-tempera- 

ture data. were used to eliminate the constants A R 

and D. The remaining constants were then evalu- R 

ated by least squares from the high-temperatun 

heat-content data. This procedure gave an equa- vis 

tion that joined the high-temperature heat-content Br 

data smoothly to the data obtained from the low- | ) 

temperature measurements of heat Cupacit 
The data used in evaluating the thermodvname 

functions for solid and liquid lithium are the heat-} 

Capacity and heat-content measurements of Simo! : 

and Swain* [16],° Laemmel [17], Bernini [18], Kore! 

19], Dewar [20], Cabbage |21], Yaggee and I nter-| 1 

mver 292), Bates and Smith* [23]. Klemer and Thun 

24], Redmond and Lones* 25}, Phu hler QS], Doug: 

las et al.* [26], and Carpenter, Harle, and Stewar 

27 The reported data on the temperature of the! =} 

melting point and the heat of fusion are summarize ; 

in table > The “host value selected for the heat 

of fusion, 722.8 cal mole at 180.54° C, was obtaine The 


from the heat-content curves for the solid and liquid 
or the ana heat-capacitt 
data given by 19] Dewar [20) 


heat-content 
Kore! 


sodium 


used ure 


Simon and Zeidler* [33], Giinther [34], Eastman an 
Rodebush* [35 Jermima [36], Estreicher and Stan- 
lewskt [37], Rengade [38, 39], Griffiths* [40], Gin 
nings, Douglas, and Ball* [41], Dixon and Rodebus! 


ana Simon’ 


Nordmevet 


12), Llitaka 1/43). Pickard 
92), Nordmever [93 


and 5 
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1] | Schiz 


and Jernoulli 


potass 
, Leidle 
iH]. I: 
Dixon 
vzZi, a 
ure si 
point 
value 


th.) ” 
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valu- 
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Tp TTL 
ieal- 
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ore! 
ter- 
hun 
oug- 
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aa 
‘hiiz ] 
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63.2° C 


fusion of lith 


Velt 


TABLI > ng point ar heat ot bum 
O HH Method 
{ 
Dou . Heat 
h N 1) 
Bir No ce ] } 
r ‘ Heat 
Ke FY | ‘ 
Rat } . 
Hu 
I 
04}. The low-temperature measurements of Pick- 
ard and Simon indicate a small “hump” in the heat- 
capacity curve at about 7° K. This “hump” has 
not been confirmed by other measurements As 
there have been no corresponding “humps”. re- 
ported for the other alkali metals, the small effect 
MH=0.14 cal mole; AS—0.019 cal dee mole) has 


been omitted in the present calculations; this will per- 


mit direct comparison with the other alkali metals 


The melting-point and heat-of-fusion data are sum- 
marized 1) table } The “best” value selected for 
the heat of fusion, 621.8 cal mole 97.82° C, was 
obtained from the heat-content curves for the solid 
and liquid 
Pani Ve ] ’ ) ” 
li 
| iH 
} . I) 
( ( 1) 
B 
lit ; ™~ i? 
Br ( 
J He 
\ R i 
Bi " 14 
} 
T 
I 
Fr 
Fr 
The heat-content and heat-capacity data used for 
potassium are those of Dewar [20], Simon and 
- idler’ Bin Ieastman ynd Rodebush?* [35], Be rnin 


Estreicher and Staniewski [37], Rengade [38, 39], 


Dixon and Rodebush [42], Douglas et al [46], Schiiz 
92], and Carpenter and Steward* [51]. In table 5 
ire summarized the reported data On the melting 


ol potassium The “best” 
554.0 eal mole at 
at-content curves 


point and heat of fusion 
value selected for the he 
was Obtaimed from the he 
lor the solid and liqguid 


‘at ot fusion, 
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TABLE 5 Velting point and heat of fusion of potassium 


rempet Heat of 
Or ! . 
ature fusion Method 
( cal/ mole 
Bernini [3¢ 62.0 530 Heat content* 
Rengade |38, 39 63. 50 574 Do 
Bridgman [44 63. 1 HOS Clapeyron equation! 
loanr 15 5s 61 Heat contents 
Douglas et al. [46 63. 2 557.9 Do 
Edmondson and } tol (3. 05 
71) 
Carpents ind Steward 63. 3. tis Heat content @ 
l 
~ +} 2? th t 
si | alur 3. 2 54.0 
From measurements of the heat contents of the solid and liquid 
I surements of the chan in ernie ing point with pressure, 
elt I t 


The available data on rubidium and cesium are not 
extensive enough to permit a reliable calculation of 


the thermodynamic functions for the solid and 
liquid metals. Dewar |20], Rengade [38, 39], and 
Deuss [53] have made some measurements on 
rubidium. Dewar [20], Rengade [38, 39], and 


Kekardt and Graefe [54] have studied cesium. 


4. Selection of the Heats and Free Energies 
of Formation 


The reference state for computing heats and free 
energies of formation for the various lithium, sodium, 
and potassium compounds is taken as the solid or 
liquid metal, depending upon the temperature. 
Because the thermodynamic functions for solid and 
liquid rubidium and cesium have not been calculated, 
the is taken as the monatomic gas for 
these 


reference state 


elements. 

The heat of vaporization for a solid or liquid can be 
calculated from vapor-pressure measurements by the 
relation 
I (A/T,) ys 


RinP=A A\(F°- 


where P is the 


absolute temperature 


vapor pressure in atmospheres at the 
T, and (A/71,) the heat of 
vaporization at O° K. This equation is strictly true 
only if the pressure is so low that the vapor behaves 
as an ideal ga If the vapor phase consists of more 
than one molecular species, all in equilibrium with 
the condensed phase, ? must ea replaced by the 
partial pressure of the species for which the heat of 
vaporization is desired, and the appropriate thermo- 
functions used. 


is 


ly hamic 


In the ease of the alkali metals, where diatomic 
molecules are present in the vapor in significant 
amounts, the vapor pressures reported must be 


corrected for the effect of the dimer before the heat of 
vaporization to the monatomic gas (heat of atomiza- 
tion) can be calculated. This correction requires a 
knowledge of the equilibrium Y2(g)=2.X(g). CY is any 
alkali metal). If the dissociation energy Dj(=—AHo) 
known for the diatomic molecule, values of the 


Is 








r5 Py, ean be ealeulated 


equilibrium constant A 
from the relation 
Rink = AF°/T=D,/ T+ A|(F° —11,)/ 7) 

This assumes that the pressures are so low that the 
gases are nearly ideal. To obtain values of the ratio 
Py, , P, e, Which is used in the corrections, from these 
values of A, the total pressure of the system Is needed 
In the present case this is the total vapor pressure of 
the metal. Unfortunately, the total vapor pressures 
reported for the alkali metals, when measured by an 
effusion or transpiration method, had been calculated 
assuming a monatomic gas; these pressures must be 
corrected by an amount dependent upon the method 
of measurement used. As a first approximation, the 
pressures reported were used in a log P—1/T' plot 
and values of the pressure read from a smooth curve 
These total pressures were then used to calculate 
values of «. The values of € were in turn used to 
the vapor pressures below) and the 
revised vapor pressures, P?,, were replotted and used 
to calculate new values of ¢«. In general, only one 
such approximation was necessary 

The correction to be made to the reported Vapor- 
pressure data varies with the method of messurement 
used. In the following discussion 7; is the vapor 
pressure of monatomic .V and P, that of the dimer, 
Y,. Py is the reported “total vapor pressure” calcu- 


(see 


correct 


lated, assuming a monatomic vapor and P, is the 
true total vapor pressure, equal to P,;+ P,. Dalton’s 
law of partial pressures and the ideal gas law are 


assumed 

In the Knudsen effusion method, which is used for 
low pressures, the mass of sample lost through a hole 
of known size in a given time is measured. The 
molecular weight of the gas escaping is needed to 
evaluate the pressure; if the gas consists of several 
molecular species, these must be considered sepa- 
rately. For a given experiment 


Mi I: 


wh 2arhT 
M /M 


P ~ at \ 


where & includes all terms that do not depend upon 
the molecular weight of the gas. FP is the gas con- 
stant, a the area of the hole, 7 the absolute tempera- 
ture, ¢ the total time of effusion, and m, the mess of 
sumple lost as monatomic gas of moles ular welght 
M,.. Likewise, in the same run, for the dimer .\ 


P yi j- Ati | 
My 2M 
The reported “Vapol pressure,” calculated from the 
total loss. 1D Meo. 1S 
P Mn Mi j 
M 


These may be combined to give an expression fo 
P, asa function of P, and e ‘ 


In the transpiration or air-saturation method, thy 
amount of material required to saturate a know 
volume, \’, of inert gas at a known total pressure js 
determived. If the molecular weight of the vapor j 
known, the vapor pressure can be calculated 


> Mi RT > mRT 
Mv LY 
P ii 4 RT 
ALA 
, le \p 
, ( l 2)! 


In the static method, which includes boiling-point 
measurements, the total pressure exerted by all th 
present is measured, independently of the; 
molecular weight of the gases. Hence no correctio 
to the reported values Is necessary. f 

The values of € and v~ thus obtained were used { 
obtain the partial pressures of the gas, ?;=P,/(1+e 
these were used to calculate (A//, 

The available vapor-pressure data for lithium must 
be corrected for the effects of the Li, present, Ti 


Uses 


obtain the values of K necessary for this eorrectiol verse 
a value of JJ, (Liz) is required. Gaydon [55], from yalue 
Various spectroscopic data, has selected 1.12 0.05 
ev, or 25.83 +£1.15 keal mole. Lewis [56] measure 
the relative amounts of diatomic and monatom 
molecules directly with his molecular-beam method;) | 
if his values of € are combined with total vapor pres his 
sures obtained from a large scale log /?—1/T plot] 
an average value of D) of 25.68 +0.15 keal/mole is' 
obtained The average was taken as the “best 
value for } 
TI 
Lai, (g)—2Li (g pasties 
| for tl 
A/T, = 25.76 +£0.10 keal beam 
keal 
The various sets of vapor-pressure data, when cor (55) 
rected. CUuVve the values of All, listed in table 6.! The « 
The lithium used by Bogros was apparently impure pice , 
see the discussion by Nlaucherat HO] - the values of] mate 
A/l calculated from his data show a decided) Jy ay 
trend with temperature. Lewis’ results are seriousl!} and 
in error, probably because he assumed that a calibre! with 


tion for his apparatus from the vapor-pressure data) (47) 


because his lithium was) [f ¢}, 
impure. A weighted average of Hartmann and, the , 
Schneider's Maucherat’s weighted I! (J) 
‘ caincaearet , a —_ hoth 
tne over-all uncertain : : } 18.20 


for sodium could be used ol 


anid values 


tre 
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TABLE 6. 


n fi Heat of vaporization of lithium 
| Number 
\ Observer Method of experi Prem perature (AIT? De 
ments 
} K kcal/mole 
Lew ‘ kK nudsetr S52 to 926 345.89 +0. 04 
| t| Bogro s s 732 to 845 38. 490 +0. 136 
, Maucherat 1 | 17 735 to 870 38. 162 +0. 049 
howr rtmani Sel ler [61 Stat s 1, 204 to 1,353 38.011 +0. 016 
ure is 
por is heu rtuinty give the probable error of the meat 
TABLI é Hleat of vaporization of sodium 
Numbe 
Mi of expe lemyx ul MIT; 
nts 
} 
A al/ mole * 
| j | ‘ H15t0 77 25.804 +0.006 
614 to 772 25.8909 +0.004 
Ed I Knud j $46 to S70 25.970 +0.008 
} He I i { St " ¢ 25, 749 
Hf k j 623 to 670 25.480 +0006 
Rut! l l 25.641 
K He s ; 47 to 670 25.948 +0.005 
| let W ) kt { Y37 to 1,113 25.830 +0010 
. ' *Haber and Z ! ) ran } 746 to S3S 26.036 +0.003 
pom VW : «) Ato ( 25.4910 +0061 
lI th Rode DeVr 2 Knudset! $55 to | 25.961 +0.009 
. Deo Static 787 to 870 25.704 +0009 
I the ; | lenbu \linkowsk 7 Opt 9 114 to 69 25.899 +O.017 
tO! Giebl t i Stat 2 653 to 84 Not calculated 
W t I Is 26 S68 
‘ 1 ! HYto 1A PA.TAT tOOLO 
Not ealeulated 
ed | 
| +~¢ 
must * : ; t 
rtion, versely as the probable error) was taken as the best | trend with increasing values of Dj indicates that a 
Irom value value of about 19 keal would be required to give a 
0.05 ee os fn constant value for (A/Z5),.. The spectroscopic data, 
sur though, appear to rule out such a high value. As a 
tom AIP? — 38.05 40.10 keal “best”? value the spectroscopic value was taken 
thod ’ 
pres This gives Na, (g)=2Na (g) 
plot.| JL (« Li. (g 
ole is! All, 17.538 +0.15 keal. 
hest A// DO34 0.25 kk il 
If this value is used for the dissociation energy of 
The Vapor-pressure data for sodium must be cor- Nay, the various sets of vapor-pressure Measurements 
rected for the Na, present. Two values are available | g!ve the values of (A//5), tabulated in table 7. The 
| for the dissociation energy of Na The molecular- | V®por-pressure data of Gebhardt were completely at 
beam data of Lewis [56] give a J, (Na.) of 16.91 40.35 variance with all the others and were not considered 
keal. Spectroscopic data, as summarized by Gaydon further. The high-pressure data were not con- 
1COP (55) and Herzbere [12]. ceive DS as 17.534+0.15 keal sidered to be too reliable because the assumption of 
}¢ _ aie op ‘ at}e ° ‘ ° " wre > ° 
ble 0.' TI e data of Jewett 6? | on Gas densities nre not pre- ideal eases is not valid. | he optical data were given 
pur’ cise enough to give an accurate value; an approxi- little weight. As a “best” value for the heat of 
eS} mate value of 20 +5 keal can be obtained from them vaporization the weighted average of the starred 
— In an attempt to decide between the molecular-beam values was chosen 
OUST and spectroscopic values, values of « were calculated , 
—_ with each value and used to caleulate values of Na (« Na (g) 
ats . 
cae) (AH from the various sets of Vapor-pressure data AH 2" OO 0.05 | 
as 1 ava we Cal, 
1 was} | f the correct value of DD Na has been used and ; ina 
anit the . lata are . . . ets . » for _ 
1 is e other data are correct, a constant value for This value leads to 
All will be obtained In this case, however 


as well as an assumed value of 
All that showed 


variation of this 


both Values of 1. 
18.20 keal, gave sets of values of 
trend with The 


temperature 


2Na (ce Nay (g) 


AH = 34.31 0.18 keal. 
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The Vapor-pressure data for potassium were cor- 


rected as were those for sodium. spectroscopic 
data, as summarized by Herzberg [12], give a J, (Kk, 
of 11.85 +£0.10 keal. The molecular-beam data of 
Lewis [56] give 12.67 +0.50 keal. As in the case of 


sodium, the vapor-pressure data did not make pos- 
sible a choice between these values for the dissocia- 
tion energy ; the spectroscopic value was chosen 


Ko(g)=2K(g 
All L1.S5 0.10 keal 


With this value, the vapor-pressure measurements 
gave the values of (A// summarized in table 8S 
The optical data were given little consideration, be- 
cause they depend on a calibration using vapor- 
pressure data from = other investigations The 
weighted uverage of the starred values TIVES 


A/l 21.71 0.08 keal 

This value gives 
2K (ce IN 
AM, =31.57 +013 keal 


For rubidium JJ, was taken from the spectroscopic 
data as summarized by Herzberg [12 


All 11.30 +0.30 keal 


Vapor-pressure data for rubidium are given’ by 
Edmondson and Egerton [50], Hackspill 65, 66}, 
Ruff and Johannsen [67], Killian [SO], and Scott [82] 
Lack of free-energ\ functions for the solid and liquid 
prevents calculation of (A//; Hence, Rb (2) is 
taken as the standard state, with A/// 0, and 


2Rb (g)=Rby (g 


All, 11.30 +0.30 keal 
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For cesium, J), from Herzberg [12] gives 
C's, (g 2C's (¢ 
A/1,=—10.38 +0.30 keal 


Vapor-pressure data are given for cesium by Hag 
spill [65, 66], Ruff and Johannsen [67], Kroner [79 


Scott [S2], Fichtbauer and Bartels [S33], Bartels [84] | 


Langmuir and Kingdon [85, 86], and Tavlor ay 
Langmuir [S87]. As is the case with rubidium, la 


. . f 
of thermal data for the solid and liquid prevents 


calculation of All, Hence, ('s ur is taken a 
the standard state. with A//f,—0. and 
2C's (ve C'so (g 
A// 10.38 +0.30 keal 


5. Discussion 


The thermodynamic functions calculated as out 
lined above are given in tables 9 to 21 The 
certainties in the functions are estimated to be n 
more than about 20 in the last figure given: the hea 
contents, // /7,. however, as quantities deriv 
directly from the heat-content functions, may reta 
one additional significant figure for consistency 

Tables Y to 21 also include values of the heat ( 
formation, A//f°, free energy of formation, AF 
and logarithm of the equilibrium constant of fort 
tion, log Af, as a function of temperature. — Thes 
are calculated from the relations 


Mf? = AH, + AUP —H 
AFP = All) PA\(h H],) 1 
log AY AFP? 4.575677 
The values of A//f, used were those selected abov 


The values of Al Ti and AFP? are often viven to mo 
significant figures than the basie value at O° Ket 


retain differences with temperature that are mor 
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precise than the basic value. As a derived quantity, 
log Af is given to one more decimal place than is 
AF. 
Benton and Inatomi [88] and Griffel [89] have 
calculated the thermodynamic functions for mona- 
romic sodium and potassium, respectively. Their 
values for the free-energy functions agree with ours, 
when allowance made for the different funda- 
mental constants used; their values for (// 
above 1,800° and 1,400° K, and for Cy above 1,400 
and 1,200 Ky, respectively are in error because the 
contribution of the higher electronic-energy levels 
has been omitted for these functions. . 
Gordon [3] has calculated the free-energy function, 
to 2.000 Kk, for Lin, Na and Ko: Benton and 
Inatomi [SS] have calculated all of the thermo- 
dynamic functions to 2,600 K for Nao: Griffel [89] 


Is 


H,)/T 


with ours within the reported uncertainties, if allow- 
ance is made for the different sets of fundamental 
constants used. 

Gaydon has recently [90] revised many of his 
previous selections [55] of the values of gaseous 
diatomic dissociation energies. These values differ, 
in part, from those selected here. For lithium, 
Gaydon has lowered his previously selected value, 
obtained from spectroscopic data, apparently be- 
cause of a lower value obtained from molecular-beam 
data. If the molecular-beam data are reexamined, 
as has been done here, a value in much better agree- 
ment with the spectroscopic value is obtained. For 
sodium, Gaydon has also selected a value slightly 
lower than the spectroscopic value we have used; 
such a low value seems unlikely if the vapor-pressure 


data are also considered. He has also lowered the 


has done the same for kK These calculations agree | spectroscopic value for rubidium, 
TABLE 9 Thermodynamic properties of Li (g 
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Arc and Spark Spectra of Ruthenium 
Karl G. Kessler and William F. Meggers 


The direct-current are and high-voltage spark spectra of ruthenium have been investi- 
gated for the purpose of compiling a comprehensive line-list for forthcoming term analyses 


of these spectra. 


7,500 lines-per-inch concave gratings in a Wadsworth mounting. 


These spectra were observed photographically with 30,000, 15,000, and 


Wavelengths and esti- 


mated relative intensities are presented for 6,000 lines in the spectra, Ru 1, Ru u, and Ru it, 


in the wavelength range 2005.69 to 11483.91 
bv other investigators 


1. Introduction 


Although ruthenium was discovered in 1844, and 
is a chemical homologue of iron, it has never been 
used extensively in industry or science. The limited 
uses of ruthenium are probably explained by the fact 
that the terrestrial abundance of ruthenium is only 
about one-hundred-millionth that of iron. However, 
because of certain important properties of noble 
metals considerable quantities of them have been 
refined and applied in arts and industries. — In partie- 
ular, ruthenium is used as a hardener for platinum 
and palladium jewelry. Complex alloys rich = in 
ruthentum are also used for pen tips. During 
World War IL the use of Pd-Ru-Pt alloy for aireraft 
sparkplug electrodes became extensive. Because 
this alloy insures engine operation with leaner fuel 
mixture, and consequent increase in efficiency, it is 
being used Increasingly in automobiles. 

The use of atomic emission spectra for the com- 
position analysis and production control of complex 
allovs has become commonplace. For this purpose 
it is desirable to have fairly complete and reliable 
descriptions of the individual spectra so that inter- 
ferences between spectra of different elements Thay 
be recognized. Such speetral descriptions are even 
more important for investigating the atomic and 
lone properties, such as energy levels, electron con- 
figurations, electron-binding energies and the exei- 
tation potentials, of the radiations. In the course of 
compiling such data for volume III] of “Atomic 
nergy Levels” [1], it became apparent that addi- 
tional information was needed for the quantum in- 
terpretation of Ru rand Ruut spectra. In prepa- 
ration for such analyses, now under way, improved 
deseriptions of ruthenium are and spark spectra 
were made, are now presented in’ this 
paper. The Hecessity for doing this is best shown 
by reviewing the information previously available. 

The first comprehensive compilation of ruthenium 
spectra was published in 1912 by Kayser [2]. That 
table of about 1,500 are and spark lines includes the 
work of Rowland and Tatnal! [3], of Kavser [4], of 
Kder and Valenta [5], and of Exner and Haschek 
6,7], but itomits nearly 500 faint lines reported by the 
last-mentioned observers. The wavelengths are all 
on Rowland’s seale, and the range covered is 2107.43 


and these 


\ 


97 


This list is compared with line lists reported 


to 7087.60 A. Furthermore, only Exner and 
Haschek [6, 7] described both are and spark spectra; 
the others observed only limited regions of the 
spectrum. All later wavelength measurements of 
ruthenium lines have been made relative to modern 
international standards. In 1914 Kail [8] reported 
160 lines in the spark spectrum of ruthenium be- 


tween 1875 and 2300 A, and in 1925 Meggers [9] 
published 1,260 lines, with wavelengths between 


5598 and 8690 A, observed in the spectrum of a 
ruthenium are. Underwater spark spectra of ruthe- 
nium were published in 1926 by Clark and Cohen 
[10] and by Meggers and Laporte {11}. 

The MIT Wavelength Tables [12], published in 
1939, include 2,824 wavelengths ascribed to ruthe- 
nium. A more extensive list of wavelengths com- 
piled from measurements of are spectrograms at 
MIT was found in an unpublished thesis by MeFee 
[13]; it contains wavelengths (2010.518 to $92.83 A) 
and estimated intensities (1 to 1,000) of 6,972 lines, 
but unfortunately there is no differentiation between 
the Rust, Ruu, and molecular spectra 

The description of ruthenium are and spark spectra 
presented in this paper consists of measured wave- 
lengths and estimated relative intensities of 6,000 
lines with wavelengths ranging from 2005.69 to 
11483.91 A. The estimated intensities for both 
spectra, ranging from 1 to 9,000 on comparable 
scales in the are and spark spectrograms, indicate 
which lines belong to the first spectrum of ruthenium, 
Rui, and which to the second spectrum, Ru i. 


2. Experimental Procedure 


Are and spark exposures were made on. three 
spectrographs, each having a coneave Johns Hop- 
kins grating of 22-feet radius in a Wadsworth 
mounting: (1) a 30,000 lines-per-inch grating used 
in the first order from 2000 to 2500 A and from 4200 
to SS76 A, and in the second order from 2300 to 
4400 A; (2) a 15,000 lines-per-inch grating used in 
the first order from 6300 to 11325 A; and (3) a 7,500 
lines-per-inch grating used in the first order from 
1LOS38 to 11483 A. 

The spectra were photographed on Eastman 
SWR and 103-0-uv plates below 2300 A, on ELK. 33 
plates in the near ultraviolet, on E.K. 103 aF plates 
in the visible, on IN plates in the near infrared, and 
on hypersensitized IQ and IZ plates between 8000 
and 12000 A, 








The purest obtainable ruthenium powder was 
pressed into 4-inch electrodes in a Dietert hydraulic 
press. The principal impurities present were traces 
of palladium, rhodium, silicon, magnesium, copper, 
silver, platinum, osmium, nickel, sodium, lead, irid- 
ium, and calcium; a total of 63 impurity lines was 
found in the spectra The electrodes were clamped 
in copper holders and were burned in a 220-v d- 
S-amp are and a 30,000-v a-c condensed spark. All 
spectrograms were made adjacent to the spectrum 
of a d-c iron are for wavelength calibration Kk xpo- 
sure times ranged from a few minutes in the pear 
ultraviolet to several hours in the infrared 

The ruthenium lines were measured on a Gaertner 
comparator relative to the adjacent iron spectrum, 
which provided standards wavelength. Each 
ruthenium line was measured on at least 2 and gen- 


of 
erally on 3 or 4 plates 


3. Results 


The observed wavelengths are given in table # 
together with visual estimates of are and = spark 
mtensities on a scale of 1 to 9 O00 The conven- 


tional letter s\ mbols are used to describe the charac- 
the line: h=hazy, H=verv hazy, 1 
K=strongly reversed, w=wide, W=vervy 
wide, e= complex, d=double, and B=band head 
In many parts of the spectrum, the longer expo- 
an almost continuous background 
of weak lines of nearly uniform intensity. These 
lines appeare | to be the components of manv over- 
An attempt has 
lines from the list, but 


ter of 


rey ersed, 
sures brought out 


lapping molecular bands been 
made to eliminate t 
mav remain and some real atomic lines of intensity 
| mav have been mistaken for band lines and deleted 

\ careful comparison has made with the 
ruthenium lines printed in the MIT tables. Of the 
lines of intensity 25 or more in the present list, 384 


the MIT tables [12]. Of these 
by Exner and Haschek 


hese an few 


been 


listed 
been 


i) 
confirmed 


not 
hia e 


were 
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16, 7] and by Meggers [9], and the balance were of 
such an intensity that they would not have been 
observed by these authors. Of the lines listed in 
the MIT tables, but not confirmed by us or by 
the above authors, those at 7771.88, 7774.14, and 
Giia.41 A properly belong to O1. 

Large intensity discrepancies, too numerous. to 
list, were found in many regions of the MIT tables. 
The most outstanding tatensity discrepancies were 
in the line at $417.332 A, which is listed as 
70) by MIT (20, 3) by Exner ana 
Haschek and (1l000R, 300) by us; and in the line 
at 3862.690 A, listed as (2, 60) by MIT (8, 3) on 
Exner and Hasehek, and (1,000, 200) by Our 
values and those of Exner and Haschek are in rea- 
sonable agreement if one corrects for the compres- 
sion of their intensity seale. 


noted 
intensitv. (1, 


us. 
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Table 1. 


Arc and spark spectra of ruthenium 























Wave- ; Wave- ; Wave- Wave- , 
Intensity Intensity Intensity Intensity 
length, length, length, length, 
A Arc Spark A Are Spark A Arc Spark A Are Spark 

2005.69 30 2069.79 6 2104.76 1 2134.34 7 

2006.45 15 2070.23 l 2105.53 2 2134.67 1 
2009.28 100 2070.51 4 2107.30 50 200 2135.01 70 
2010.54 1 2070.78 1 2107.78 lh 2135.405 30 
2011.17 10 2070.98 3 2107.90 2 2135.51 2 

2011.60 5w 2071.43 4 2108.69 50 2137.83 l 

2013.18 2 2 2074.55 10 20 2108.99 2 2138.39 5 
2013.63 ] 2074.92 1 2109.593 5 2139.105 20 
2013.95 l l 2076.43 3 2109.91 l 2139.23 3 
2015.17 2 2076.84 50 2110.726 20 2139.75 80 
2018.55 l 2077.77 3 2110.993 1 1 2139.82 4 
2021.84 2 2077.93 3 2111.18 2 2140.09 2 

2023.36 5 2078.45 5 20 2111.45 1 2140.11 10 15 
2025.82 15 2079.98 3 2112.034 20 2140.29 1 
2026.80 2 2 2080.12 1 2112.33 2 2140.88 15 

2029.03 ] 2082.90 2 2113.23 3 2142.04 300 
2031.17 2 2083.78 15 2113.87 25 50 2142.66 4 

2032.35 1 2084.13 4 2114.39 1 2143.72 lh 
2033.77 1 2084.66 20 2115.21 1 2144.00 7 

2035.64 15 2084.76 20 2116.94 2 2144.30 6 

2035.85 2 2085.43 2 2117.170 25 50 2144.56 lh 
2037.41 2 2086.06 2 2117.418 10 2145.15 lh 
2038.38 2 2087.45 5 5 2117.745 2 2145.328 5 

2038.99 l 2087.91 1 2117.995 “ 2145.74 5 1 
2039.40 4 2088.39 5 2118.736 a 2146.600 200 
2043.51 30 2088.85 2 2119.76 2 2147.70 3 

2044.01 20 2089.24 1 2119.79 2 2147.75 1 
2044.59 100 2089.44 40 2119.87 2 2148.06 4h 
2046.13 l 2089.92 1 2120.598 5 2148.11 4 4 
2046.68 1 2090.22 6 2120.756 9 2149.59 6 

2046.83 1 2090.59 2 2121.780 10 2149.790 200 
2047.58 3 3 2090.66 1 2122.51 1 2150.09 ~ 

2047.73 4 2090.81 1 2122.92 7w 2150.235 100 
2049.12 20 40 2090.89 6 2123.607 2 2150.824 15 

2049, 39 3 2091.97 l 4 2123.67 2 2152,105 1 
2050.21 a 2093.60 25 2124.09 10 2152.411 15 3 
2050.25 2 2094.33 3 2124.39 4 2152.605 25 
2051.35 l 2094.40 2 2124.74 10 2153.41 1 
2052.63 3 2095.72 5 2124.77 2 2154.41 3 
2052.78 1 2095.83 15 2126.21 10 2154.448 20 1 
2053.22 l 2097.24 8 2126.38 6h 2155.220 300 
2057.07 l 2098.46 15 2127.18 200 2155.454 20 
2057.55 3 2098.82 15 2127.400 70 2156.225 80 
2059.26 5 2099.20 2 2128.825 10 25 2157.54 5 

2059.86 2 2100.15 l 2129.10 5 2157.70 5w 
2060.04 60 2100.26 1 2129.42 2 2158.362 3 3 
2060.24 1 1 2100.68 20 2129.84 2 2158.55 2 

2060.72 40 2100.75 2 2130.67 2 2159.78 2 
2061.06 2 2101.25 2 2131.24 2 2160.212 150 
2062.34 50 2101.69 1 2131.52 20 2160.394 10 

2062.77 l 2101.86 3 2131.90 10 30 2160,497 70 
2065.11 30 50 2101.93 - 2133.12 a 2162.202 15 

2065.43 1 2102.76 2 2133.81 2 2162,.855 2 

2066.66 30 2103.37 1 2133.97 5 2162.995 200 
2067.32 1 2104.32 1 2134.17 1 2163.416 3 
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Table 1. Arc and spark spectra of ruthenium - Continued 
wane Intensit — Intensit = Intensit — I 
length, ated length, seated length, steed length, venti’ 
A Arc Spark A Are Spark A Arc Spark A Arc Spark 
2163.918 10 2195.15 20 2218.34 9 2246.21 2 
2164,501 7 10 2195.27 20 2218.530 50 300 2246.91 1 
2164.690 2 2195.693 40 2218.88 3 15 2247.87 1 
2165. 325 15 2195.733 12 2218.89 15 2248.79 2 
2166,231 10 2196.120 10 2219.11 9 2249.44 15 
2166.818 5 2196.901 20 2220.18 1 20 2251.63 200 
2168.77 3h 2197.255 15 2220.48 3 2251.820 6 
2169.06 2h 2197.418 20 2221.26 4h 2252.20 7 
2169.775 15 l 2198.033 30 2221.47 70 2252.35 60 
2170.060 7 l 2198.833 2Hw || 2221.770 1 20 2252.63 1 
2170,126 7 l 2199.163 4 15 2222.770 15 2252.96 1 
2171.098 l 2199.28 8 2223.570 3h 2253.65 50 1 
2172.396 5 2199.459 6 2223.749 2 2254.45 20 100 
2174. 486 1 2199.53 10 2224.162 a l 2254.71 30 
2174.69 8 40 2199.76 10 2225.22 lh 2254.953 4 
2174.811 10 2200.054 150 2227.13 15 2255.53 80 
2175.030 150 2200.280 15 2227.23 15 2255.56 80 
2175.978 12 2201.303 30 2227.41 6 2256.07 30 100 
2176.064 20 2201.72 3 15 2227.640 25 l 2256.187 40 
2176.452 10 2202.53 100 2227.69 2h 2256.25 2 20 
2176.487 30 2203.37 120 2228.702 3 2256.67 50 
2176.653 100 2203.67 8 2229.27 1 2256.88 70 
2176.83 15 2203.83 4 8 2229.30 20 50 2257.115 2 80 
2177.41 25 2204.045 15 2229.57 150 2257.40 1 
2177.43 12 2204.681 1 2229.76 1 2257.719 8 
2178, 389 6 2205.101 3 20 2230.301 25 2258.149 30 
2178,.456 120 2206.61 1 2230.44 7 2259.529 | 100 2 
2179.68 l 2206.716 20 2230.708 4 2260.03 20 60 
2180.06 5 2207.31 20 60 2230.804 20 2260.160 60 
2180.08 15 2209.05 30 2230.919 100 2261,019 90 
2180.880 25 2209.08 40 2 2231.83 1 2261.56 15 
2181.263 3 30 2209.213 10 2232.08 30 l 2261.780 7 100 
2181.628 4 30 2209. 356 1 2233.06 1 2262.11 10 
2182.088 3 7 2210.655 4 2234.25 1 2262.702 70 1 
2182. 350 2 25 2210.98 1 2235.000 2 2263.079 3 
2183.687 | 20 l 2211.214 3 2235.836 25 1 2263.510 70 300 
2183.829 10 2211.314 10 15 2236.261 S 1 2264.696 20 
2183.95 2 2211.67 1 2237.10 2 2265.39 1 
2184.53 3 3 2211.77 a 2237.50 50 2265.76 1 
2184,835 10 2212.22 4 2237.73 30 2266.41 1 
2185.94 1 2212.83 2 30 2238.20 60 2266.891 3 
2186.24 l 2213.16 3 40 2238.35 50 1 2267.379 2 
2187.632 2 2213.823 4 2238.700 2 2268,137 80 400 
2188,650 5 2214.01 2 2239.080 1 2268, 34 40 
2188.754 20 l 2214,337 8 2239.55 70 2269,543 40 
2188.793 150 2214.383 2 2239.856 6 2270,322 20 
2189.082 2 2214,554 2 2240.13 1 2271.446 1 
2189.404 50 2215.501 50 2241.075 50 2271.583 30 
2191.773 10 2216.64 20H w || 2241.278 2 2272.091 | 100 20 
2191.922 10 20 2216.77 1 2243.23 60 2272.232 40 
2192.41 10h 2216.946 3 15 2243.274 80 2272.692 2 
2192.86 50 200 2217.37 2 8 2244.04 2 2272.763 30H 
2194.428 15 1 2217.46 > 2244.41 60 2273.193 2 
2194.59 2 2217.76 8 2244.816 50 2273.655 3h 
2194.96 10 25 2217.86 3 8 2245.87 3 2274.11 10 
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Table 1. Arc and spark spectra of ruthenium - Continued 
Wave- ; Wave- . Wave- : Wave- 
Intensity Intensity Intensity Intensity 
length, length, length, length, 

A Arc Spark A Arc Spark A Arc Spark A Ar« Spark 
2274.79 15 2297.268 6 2317.25 3 2336.377 25 
2274.995 50 150 2297.966 6 30 2317.784 | 80 40 2336.53 1 
2276.141 25 100 2298.11 8 2317.92 10 2336.83 200H w 
2276.431 | 20 100 2298.21 5h 2318.464 50 2337.80 10 
2277.22 40 2298.45 2 40 2318.530 15 2337.84 20 100 
2277.412 50 2298.632 30 90 2318.757 30 4 2337.98 6 
2278.198 50 2 2299.289 | 60 1 2318.905 | 40 2338.74 20 
2278.24 5h 2299.641 40 2319.208 1 2339.098 20 
2278.35 1 2300.350 | 50 > 2319.28 50h 2339.483 | 40 l 
2278.68 50 2300.69 2 2319.665 3 2339.947 l 60 
2278.842 10 2301.46 1 2319.776 150 2340.508 3 30 
2279.252 15 2301.64 1 2320.23 40 l 2340.696 | 100 20 
2279.584 | 150 20 2302.226 8 2320.36 20 2341.06 20 100 
2280.31 1 2302.533 | 100 30 2320.699 | 60 1 2341.251 20 
2281.15 1 10 2302.812 150 2320.933 1 2342.02 40 
2281.61 40 2304.630 30 100 2321.235 8 2342.54 200 
2281.717 80 300 2304.822 | 80 200 2321.657 30 80 2342.72 80 
2283.021 30 2305.517 70 2322.009 80 4 2342.848 | 100 300 
2283.41 4 2305.606 | 60 200 2322.423 5 2343.434 30 
2283.706 2 2305.734 3 2322.573 20 2344.08 20 l 
2284.135 15h 2306.68 10H 2322.830 10 60 2344.459 20 
2284.31 2h 2306.88 10H 2323.496 3 2344.534 8 
2284.49 6 2306.911 80 4 2323.66] 3 2344.65 12 
2284.73 4h 2307.756 3 2323.76 40 2344.84 100Hw 
2285.10 7h 2307.938 1 2324.21 30 2345.480 1 12 
2285.28 20 2308.178 3 2324.41 3 2346.340 40 150 
2285.382 60 1 2308.28 a 2324.50 2 2347.07 1 
2285.78 4 2308.43 20 2324.57 2h 2347.42 20h 
2286.200 2 2308.632 2 40 2325.406 6h 2347.712 l 
2286.39 1H 2309.145 30 70 2325.51 10H 2347.894 4h 
2287.05 4 400 2309, 382 10 2325.952 60 l 2348.318 | 100 2 
2287.510 1 15 2309.524 5 50 2326.237 | 40 1 2348.740 3 
2287.695 | 60 2310.03 15 2 2326.396 6 2349.338 | 150 20 
2288, 32 10 2310.602 1 3h 2327.536 15 4H 2350.075 5h 
2288.478 1 2311.21 40H 2328.158 > 40 2350.14 60 lh 
2288.55 10 2312.01 60H 2328.334 3 40 2350.531 30 200 
2288.80 4 15 2312.35 5h 2329.015 50 150 2350.56 20 
2289.799 10 2312.74 10H 2329.30 2 2351.071 15 
2289.98 10 2313.18 3 2330.140 10 30 2351.33 | 200 15 
2290.52 5 2313.371 30 150 2331.06 300 ri 3 
2291.167 50 3 2313.545 1 2331.43 60 2352.250 4 
2291.819 20 50 2313.819 15 2331.70 40Hw || 2352.627 3 
2291.907 30 2314.021 7 50 2331.770 40 2352.84 6 
2292.29 30 2314.779 7 50 2331.98 1 2352.94 15 
2292.333 40 1 2315.042 2 2332.31 50Hw || 2352.981 150 
2293.044 30 2315.229 1 2333.30 20 2353.595 50 l 
2294.054 50 l 2315.27 5 10 2333.566 30 150 2354.10 6 
2294.087 80 2315.569 7 2333.736 15 2354.24 2 40 
2294.39 8h 2315.899 10 50 2333.89 70 200 2354.43 5h 
2295.089 10 2316.125 2 2334.27 1 8 2354.67 2 
2295.560 | 40 2316.52 20w 2334.96 100 300 2355.633 5 25 
2295.711 30 2316.61 2 2335.095 7 2355.968 4 20 
2296.183 | 20 150 2316.706 3 2335.738 | 40 2356.466 6Hw 
2296.64 15 2316.884 5 2335.885 10 60 2357.072 6 
2296.878 10h 2317.07 5 2336.19 2 2357.916 | 200 600 
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Table 1. Arc and spark spectra of ruthenium - Continued 
Wave- : Wave- : Wave- ; Wave- : 
Intensity Intensity Intensity Intensity 
length, length, length, length, 

A Ar« Spark A Arc Spark A Arc Spark A Arc Spark 
2358.786 | 150 400 2380.85 3 2401.016 5 20 2420.826]| 200 l 
2359.104 20 150 2381.147 3 2401.262 2421.278 3 
2359.95 2 2381.99 150 400 2401.851 5 40 2421.580 l 
2360.093 90 3 2382.74 l 10 2402.715 | 200 800 2421.772 15 
2360.530 90 l 2383.415 30 90 2403.173 25 2422.08 5H 
2360.61 40H 2383.96 10 5 2403.527 70 2422.165 3 
2360.712 50 l 2384.95 l 2403.798 3 2422.367 4 
2361.91 5Hw 2385.29 2 2404.207 l 2422.574 50 1 
2362.55 30h 2386.19 l 10h 2404.664 3 2422.683 3 
2362.871 2 2386.678 6 2404.794 2 10 2422.767 2 
2363.022 6 2386.710 20H 2405.180 50 2422.844 3 40 
2363.32 5H 2387.080 2 l 2405.280 5 10 2422.927 60 
2363.92 5H 2387.359 2 2405.65 2h 2423.089 3 
2364,227 5 50 2387.881 | 100 10 2406.059 3 20 2423.535 15 
2364.84 3 2388.043 l 10 2406.654 4 2423.62 5H 
2365.14 l 2388,188 15 2 2407.311 3 20 2423.877 30 l 
2365, 353 8 l 2388,226 40 2407.45 1 2424.564 5 70 
2366.01 3h 2388.53 3h 2407.66 10 2424.664 2 
2366.743 25 l 2388.67 2h 2407.915 | 100 300 2425.299 5 
2367.06 10 2389.255 2 2408.290 60 2425.46 3H 
2367.224 30 150 2389.47 2 2408.44 2 50 2425.85 3H 
2367.769 10 2389.688 20 2408.664 25 2426.118 2 
2367.88 3 15 2389.80 2 2408.990 3 2426.588 3 50 
2368, 37 5H 2390.112 20 15 2409.34 2 2426.699 10 
2369.65 20 2390.321 20 2409.68 25 2426.92 15 
2369.83 2 10 2390.423 l 2409.95 50 2426.989 40 
2370.03 2 2391.095 1 20 2410.15 15 150 2427.24 2 
2370.12 15 100 2391.443 l 30 2410.36 15 2427.752 10 60 
2370.169 80 2391.766 4 60 2410.88 70 5 2427.753 10 60 
2371.012 10 l 2392.425 | 150 20 2411.51 7 100 2427.878 1 
2371.84 10 80 2392.591 3 2411.76 10 2428.14 1 
2371.914 10 100 2392.963 60 l 2412.31 3h 2428.313 10 
2372.13 3 2393.249 90 2 2412.64 1 2428,.323 10 
2372.71 2H 2393.844 20 200 2413.395 40 2428.708 6 
2373,053 4H 2394.631 70 2413.80 20H 2428.865 1 10 
2373.963 2 20 2394.77 1 2413.922 2 20 2429.009 10 
2374.42 2 2395.011 3h 2414.212 2 2429.594 80 l 
2374.67 7 2395.62 10 2414.819 60 150 2430.215 20 
2374.777 8 2395.721 80 3 2415.005 20 2430.398 4 60 
2375.03 5 2396.16 2 2415.20 20 120 2430.62 5 
2375.272 | 100 8 2396.32 3 2415.719 20 100 2430.72 3h 
2375.628 | 150 400 2396.55 2 2416.060 2 2430.94 5 50 
2376.23 2 30 2396.710 | 200 600 2416.247 a 2431.07 1 
2376.35 5 2396.902 3 2416.443 3 2431.21 2h 
2377.15 2h 2396.97 20 80 2416.59 40 2431.51 40 2 
2377.23 l 2h 2397.406 20 2416.754 ~ 2431.82 2 
2377.46 l 2397.49 3 40 2416.96 20 120 2431.98 30 1 
2378.27 10h 2397.692 50 100 2417.624 8 2432.161 3 40 
2378.75 2 2398.28 2 2417.815 3 2432.23 15 
2378.84 4h 2398.38 20 2418.065 3 2432.915 90 1 
2379.07 2 2398.59 50 2418.607 2 2433.064 20 
2379.600 30 100 2399.52 5 2418.956 5 60 2433.477 25 
2379.84 50 100 2399.750 80 l 2419.205 30 2433.584 1 40 
2380, 39 l 2400.10 8 5 2420.105 1 15 2433.865 30 
2380,553 7 2400.44 3H 2420.245 10 2434.03 2 
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Table 1. 


Arc and spark spectra of ruthenium - Continued 























Wave- Wave- ; Wave- Wave- 
Intensity Intensity Intensity Intensity 
length, length, length, length, 
A Arc Spark A Arc Spark A Arc Spark A Ar« Spark 

2434.167 20 2 2449.86 70 2466.114 1 2482.538 10 
2434.51 5 2450,359 30 2466, 388 4 2482.782 3 60 
2434.745 6 2450.560 | 100 1 2466.608 1 2483,200 l 
2434.879 40 2450.880 30 2467.049 1 2483.286 10 
2434.976 5 80 2451.23 5 40 2467.33 30 2483.37 10 
2435.132 1 2451.35 2h 2467.576 40 1 2483,537 3 
2435.33 4 2451.66 l0Hw 2468.29 3 2483.956 50 
2435.508 30 200 2452.06 2 2468.60 2 2483.978 20 
2436.23 2 2452.53 5H 2468.71 2H 2484.492 2 5 
2436.546 3 5 2453.816 7 60 2469.20 2 2484,670 2 10 
2436.913 40 a 2453.928 5 2469.25 20 2486.469 1 
2437.078 2 2454.16 4 10 2469.771 10 40 2486.58 3 
2437.790 50 1 2454.555 8 2470.509 30 60 2486.70 3 
2438.055 6 2454.926 | 150 2470.71 30 2487.046 1 
2438.73 60 2454.991 10 2471.051 30 2487.201 3 8 
2438.937 lh 2455.268 1 2471.48 50 2487.390 10 
2439.149 2h 2455.535 | 200 600 2471.76 3H 2487.512 4H 
2439.408 1 2456.279 30 2472.09 40 2487.904 1 3 
2439.63 50 10 2456.442 | 200 500 2472.437 1 20 2488.14 - 2 
2439.694 20 150 2456.572 | 200 500 2472.604 1 2488.570 10 30 
2440.05 20 2456.946 10 2472.732 2 2488.84 2 
2440.13 2 2457.175 2 2472.833 5 30 2488.882 3 
2440.668 l 2457.19 20 2472.99 2 8 2489,339 10 50 
2440.803 oI 80 2457.34 2 2473.574 10 2489.77 30 
2440.977 20 2457.71 1 2473.686 l 2489.92 70 1 
2441.200 7 2457.98 1 2473.83 5h 2490.441 20 
2441.322 10 2458.33 1 2474.029 80 3 2490.541 6 
2441.366 70 2458.622 | 100 2 2474.396 15 2490.62 1 
2441.613 30 2459.041 8 2474.762 1 30 2490.793 2 
2441.761 2 2459.166 1 2474.846 30 2491.077 50 
2442.934 | 50 2459.236 10 2475.395 | 200 3h 2491.100 | 10 40 
2443.30 100Hw 2459.424 20 2476.148 4 2491.337 2 5 
2443.46 1 2459.56 2H 2476.32 50 2491.559 3 40 
2443.86 1 2460.178 3 20 2476.869 | 100 3 2491.76 60 
2444.032 50 3 2460.427 3 20 2477.008 10 2493.685 | 100 300 
2444.189 l 2460.59 3 20 2477.17 10 2494.022 80 
2444, 38 60 1 2460.73 30 2477.258 50 2494.157 2 10 
2444.828 30 2460.996 1 2477.53 1 2494.48 30 40 
2445.43 50 2 2461.44 1 2477.910 1 2494.893 1 
2445.55 20 40H 2461.535 3 2477.979 8 2495.353 2h 
2445.94 3 2462.04 8 2478.355 20 2495.691 | 150 200 
2446.154 3 2462.169 3 20 2478.399 | 30 2495.94 2h 
2446.55 8 2462.652 5 25 2478.926 | 200 500 2496.56 50 1 
2446.600 2 2462.943 | 100 1 2479.353 20 2496.859 1 25 
2446.774 8 2463.786 3 2479.551 20 2497.359 1 
2446.80 5 a 2463.86 1 2480.205 5 2497.680 | 40 l 
2447.25 2 2463.98 1 2480.298 15 2497.866 30 l 
2447.439 | 40 1 2464.245 2 2480.815 5 30 2498.41 | 100 200 
2447.566 | 10 2464.366 | 20 2481.108 | 20 200 2498.577 | 100 200 
2448.153 2 2464.699 | 100 2481.56 2 2499.384 8 
2448.357 5 2464.755 100 2481.68 3 2499.550 2 
2448.512 2 2465.004 2 25 2481.85 15 2499.565 3 
2448.865 | 10 2465.15 1 2481.981 2 2499.784 | 70 5 
2448.91 10 2465.52 l 2482.077 | 10 2500.145 50 
2449.58 200H 2465.749 2 2482.168 15 2500.38 10 
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Table 1. Arc and spark spectra of ruthenium - Continued 
Wave- — Wave- _ it Wave- _——— Wave- ai it 
length, ne length, panaenaied length, neta length, ntensity 
A Arc Spark A Arc Spark A Arc Spark A Arc Spark 

2500.518 8 2518.51 30 2535.227 50 2552.94 l 

2500.835 30 l 2519.20 30 75 2535.595 | 100 100 2553.288 1 

2501.48 70 2 2519.94 50 2535.966 20 2553.488 8 
2501.885 60 2520.571 10 2536.20 20 2553.971 20 

2501.950 20 100 2520.787 a 2536.298 5 2554.29 lh 
2502.295 l 40h 2520.825 40 2536.679 3 2554.398 1 

2502.37 25 2521.61 80 l 2537.34 10Hw 2554.685 8 

2502.87 15 2522.265 3 2537.697 > 2554.82 lh 
2503.22 5H 2522.318 10 2537.88 10 2554.90 l 

2504.40 20 2522.59 25 2538.42 6 2555.655 5 

2504.51 20 2522.74 ] 2539.09 25 2555.696 5 
2504.917 10 2522.83 l 2539.71 > 100 2555.868 40 

2505.083 l 2523.09 10 2540.29 8 100 2555.927 30 
2505.64 10 2523.16 8 2540.68 3 2556.004 40 

2505.89 15 2523.72 ] 2540.84 1 2556.076 30 
2506.25 25 2524.386 20 2541.28 70 2556.316 50 

2506.42 25 2524.85 10 100 2541.796 1 2556.722 1 15 
2507.00 100 300 2525.17 30 2542.039 25 2556.948 4 

2507.50 4 2525.42 200H 2542.23 20 2557.126 1 

2508.270 | 100 2525.63 50 2542.92 1 2557.154 15 
2508.38 30 2525.92 3 2543.16 10 2557.701 10 

2508.670 100 2526.82 200 2543.23 75 200 2557.998 1 

2509.066 | 50 2526.885 25 2543.47 1 100 2558.02 3 
2509.421 3 2527.07 20 2543.67 50 1 2558.20 1 

2509.59 15 2527.30 3 2544.18 2h 2558.348 1 

2509.85 1 2527.347 3 2544.22 300 10h 2558.540 | 100 

2510.13 30 1 2527.60 10 2545.29 lh 2558.72 1 
2510.504 l 2527.732 s 2545.48 l 2559.406 5 

2510.965 50 2527.864 200 2545.76 30 2559.557 15 
2511.22 6H 2527.94 50 2545.81 3Hw 2559.767 1 
2511.55 60 2528.05 100 2546.14 15 2559.959 3 
2511.594 l 2528.71 50 2546.285 2 2560.265 | 125 l 
2511.98 20 2528.874 75 1 2546.40 2H 2560.845 | 125 
2512.47 l 2529.456 7 2546.668 | 1501 10h 2561.22 1 
2512.52 5H 2529.606 20 2547.080 2 2561.327 1 
2512.81 100 2H 2529.69 25 2547.48 20 2561.45 ] 1 
2513.17 10 2530.038 10 2547.66 l 20 2561.803 | 10 
2513.319 50 150 2530.41 70 2547.95 8 2562.168 1 

2513.608 1 2530.44 2 2548.16 3 2562.55 3 
2513.98 3 2530.64 75 2548.31 2 2562.820 1 
2514.16 3h 2531.52 3 2548.465 1 2562.937 2 
2514.45 30 2531.68 2 2548.78 3 2563.157 50 
2514.88 10 2532.01 8 2548.856 3 2563.284 1 
2515.27 80 2532.36 1 2549.16 5 100 2563.609 1 
2515.63 8 2533.03 10 2549.470 | 300 2563.91 8 
2515.75 1 2533.23 100 2549.56 300 2564.39 10 
2515.98 20 2533.389 6 2549.82 80 2564.41 10 
2516.08 25 2533.65 1 2549.965 | 30 2564.587 | 20 
2516.34 l 2533.94 5 2550.830 A 2564,.832 1 
2516.712 10 2533.97 100 2551.375 5 2565.188 20 
2516.73 10 2534.03 5 2551.565 5 2565.687 1 40 
2517.32 100 200 2534.605 7 2551.72 60 2565.804 10 
2517.62 80 2534.780 2 2551.98 1 150 2565.943 5 
2517.95 l 2534.921 2 80 2552.295 | 25 2566.248 1 40 
2518.41 100 2535.03 10 2552.423 20 2566.590 30 20 















































104 


























Table 1. Arc and spark spectra of ruthenium - Continued 

wane Intensity — Intensity eagce Intensity — Intensity 

length, length, length, length, 
aA Arc Spark A Arc Spark A Arc Spark A Arc Spark 

2567.893 | 40 1 2582.785 3 2600.524 l 2617.181 3 

2568.772 | 75 2582.895 1 10 2600.719 5 2617.451 l 10 
2568.876 100 2583.033 | 70 2601.284 3h 2617.677} 20 1 
2569.249 1 2583.070 20 2601.456 | 100 1 2617.790| 70 2 
2569.413 1 2584.136 | 100 2601.752 2 2618.594 lh 
2569.575 8 2584.265 5h 2602.263 30 2618.737 20 

2569.729 | 50 2584.590 1 2602.884 5 2619.014 70 1 
2570.093 | 30 2584.725 2 2602.977 2 2619.35 1 50 
2570.973 | 100 2585.340 | 25 2603.218 2 2619.666 | 50 1 
2571.094 150 2585.642 3 2603.249 1 2620.062 5 5 
2571.44 1 2585.739 | 30 l 2603.800 25 2620.607 |} 80 10 
2571.732 lh 2585.901 10 2603.966 1 2620.690 20 
2572.282 | 100 2586.087 10 1 2604.095 1 2620.870 15 
2572.412 | 100 2586.321 5 2604.131 10 2620.974 10 
2572.667 10 2586.83 10H 2604.315 30 2621.071 15 
2572.835 1 2587.235 1 2604.560 1 2621.277 20 
2573.11 3H w || 2587.452 3 2605.347 | 100 l 2621.738 3 
2573.186 l 2587.871 75 2605.853 | 100 l 2621.854 2 
2573.440 50 2588.193 5 2606.21 10Hw jj 2622.191 1 
2573.543 3h 2588.677 1 2606.42 1 2622.26 1 3Hw 
2573.751 1 2588.82 1 2606.912 | 2623.431 3H Ww 10Hw 
2574.063 25 2588.876 2 2606.935 2 2623.611 1 
2574.276 l 2589.038 | 50 2607.249 3 2623.824 75 
2574.530 5 2589.43 100w 2607.348 50 1 2624.17 40 
2574.809 1 2589.569 | 150 2607.49 1 2624.51 2 
2574.874 1 2589.785 30 5 2607.789 1 5 2624.711 5 
2575.242 30 2590.963 10 2607.915 2 20 2625.081 5 
2575.58 lh 2591.037 75 2608.739 1 2625,392 25 
2575.934 2 2591.116 | 100 2609.062 | 125 2 2625.576 10 
2576.029 3 2591.26 75 2609.305 l 2626.205 30 
2576.091 50 2591.637 | 40 2609.476 | 75 2 2626.356} 20 
2576.954 | 20 2592.022 | 100 2 2609.873 | 20 2626.413 30 
2576.987 10 2592.617 1 2610.044 1 2626.478 50 
2577.273 1 2593.147 1 2610.090 25 2627.314 1 15 
2577.314 5 2593.619 10 2611.045 80 1 2627.650 | 100 1 
2577.518 2 2593.700 | 50 1 2611.502 40 2627.819 1 5 
2578.111 2 2594.411 50H 2611,.592 8 2628.15 5Hw 
2578.169 l 2594.855 | 100 2 2611.703 10 2628.262 25 
2578.571 | 100 10 2595.419 5 2611.822 5 2628.536 | 25 
2578.948 20 2595.539 4 2611.841 3 2628.708 l 
2579.022 | 40 2595.640 20 2612.06 150 1 2628.751 75 
2579.097 60 2595.813 50 2612.52 40 2629.096 1 
2579.222 70 2595.930 10 2612.895 20 2629.37 1 5 
2579.536 | 100 2h 2596.807 l 2613.198 5 2629.552 3h 
2579.777 10 2597.142 10 2613.31 5H 2629.925 40 
2580.026 10 2597.322 75 2613.797 50 1 2630.041 150 
2580.218 3 5 2597.517 25 5 2614.055 | 100 1 2630.231 | 160 
2580.454 5 2597.656 l 2614.585 75 1 2630.980 l 
2580.590 l 2597.788 1 5 2614.862 2 50 2631.094 2 20 
2580.803 | 100 2 2598.361 25 l 2615.05 75 2631.304 | 100 
2581.140 | 125 1 2598.574 | 20 2615.093 75 2631.569 | 100 
2581.434 5 2598.75 1 2615.401 1 2632.127 75 1 
2581.911 50 l 2598.804 15 2615.43 1 2632.496 75 l 
2582.540 3 2599.650 | 40 2616.331 25 2632.731 25 
2582.597 1 2599.684 15 2617.076 40 2633.446 | 80 
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Table 1. Arc and spark spectra of ruthenium - Continued 
Wave- ; Wave- : Wave- ; Wave- : 
Intensity Intensity Intensity Intensity 
length, length, length, length, 

A Arc Spark A Arc Spark A Arc Spark A Arc Spark 
2633.499 5 2652.139 - 1 2667.484 10 2686.291 | 175 1 
2633.769 l 2652.944 10 2667.79 1 10 2686.418 3 
2633.815 20 2653.098 8 2667.969 50 1 2686.889 15 
2635.214 10 2653.150 15 2668.342 40 l 2687.071 2 25 
2635.344 5 10 2653.693 25 1 2668.632 5 2687.138 40 
2635.841 | 100 70 2653.95 25 2669.060 3h 2687.494 30 100 
2635.861 20 2654, 327 25 2669.43 75 2687.592 ~ 
2636,537 10 100 2654.470 5 2670.48 2 2687.755 1 
2636.663 75 2654.524 lh 2670.527 15 2688.113 3 
2636.838 20 2654.804 20 2670.708 2 2688.147 10 80 
2636.952 > 2654.876 10 2672.212 1 25 2688.583 50 1 
2637.128 l 2655.008 5 2672,354 3 25 2688.888 70 
2637.961 l 2655.109 15 2672.880 10 2689.431 lh 
2638.349 l 10 2655.221 30 2673.004 3 30 2689,894 70 
2638.515 75 l 2655.405 1 2673.477 80 1 2690.208 10 
2639.121 75 2 2655.548 1 2673.605 80 1 2690. 382 40 1 
2639.34 l 2656.235 50 300 2673.790 lh 2690.725 2 
2639.58 1 15 2656.563 75 2674.219 10 2690.810 25 
2639.866 10 l 2656.698 75 2674.471 3 2692.120 | 250 400 
2640.031 2h 2656.83 7 2674.827 3 2692.251 50 
2640,324 60 8 2657.163 75 2675.197 10 2692.665 1 
2641.461 10 2657.198 25 2675.543 25 2692.716 1 1 
2641.628 50 2657.326 10 2675.645 lh 2692.842 80 1 
2641.970 20 2657.366 3 2675.936 1 2692.969 4 
2642.104 5 2657.792 l 2676.183 lh 100 2693.30 150 
2642.520 5 2658.244 1 15 2676.354 80 2693.628 20 
2642,643 4 2658.391 80 l 2676.71 1 2693.653 30 
2642.801 20 2658.672 1 2676.775 a 2694.199 1 
2642.88 30 2658.768 10 2676.969 20 2694.598 l 
2642.946 | 200 2658.922 l 2677.315 25 2695.342 lh 
2643.136 20 2659.289 2 2677.881 5 2695.467 lh 
2643.404 3 2659.617 | 100 5 2678.054 3 2696.495 2 
2643,511 3 2660.152 1 2678.175 10 2696,542 25 
2643,601 3 2660.563 1 2678.759 | 300 800 2697.088 25 
2644.617 3 40 2660.601 15 2679.450 2 2697.510 50 
2645.974 75 2661.036 l 2679.553 2 2698.050 15 
2646.002 75 2661.169 25 200 2679.763 50 2698.167 10 
2646.621 10 2661.47 1 2680.382 1 2698.268 20 
2647.088 1 2661.610 | 150 300 2680.533 2 2698.41 lh 
2647.314 75 l 2661.82 20 2680.585 100 2698.767 1 3h 
2647.927 10 l 2661.861 50 2681.068 1 2699.228 5 
2648.451 50 1 2662.151 l 2681.276 l 2699.261 l 
2648.617 4 2662.183 15 2681.293 2 2699.712 10 
2648.780 40 100 2662.540 2 2681.417 1 2699.793 20 
2648.782 40 100 2662.880 25 2681.587 1 2699.882 40 1 
2649,506 25 l 2663.754 l 10 2682.632 3 2700.163 50 
2649.575 20 l 2664.268 l lh 2682.754 > 2700.477 30 1 
2649992 10 2 2664.761 | 100 2 2682.894 3 2700.671 25 2h 
2650.264 3 2665.154 ] 2683.676 60 l 2700.999 1 25 
2650,395 30 ] 2665.376 2 2684.089 60 l 2701.337 70 5 
2650,584 10 2665.466 3 2684,452 10 2701.997 5 
2651.289 40 ] 2665.719 25 ] 2684.613 15 2702.401 a 
2651.508 0 ] 2666.17 5h 2685.152 10 15 2702.639 10 
2651.839 30 l 2666.829 20 l 2685.581 2 2702.833 80 5 
2651.874 25 | 2667.390 20 100 2685.893 2 2703.120 4 
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Table 1. Arc and spark spectra of ruthenium - Continued 
Wave- - Wave- : Wave- Wave- 
Intensity Intensity Intensity Intensity 
length, length, length, length, 

A Arc Spark A Are Spark A Arc Spark A Arc Spark 
2703.311 a 2722.635 50 1 2739.777 1 2756.411 15 
2703.796 50 1 2722.693 50 2 2739.986 lh 2756.574 3h 
2704.192 15 2722.82 10 2740.217 50 1 2756.899 lh 
2704.585 80 2723.126 20 2740.59 lh 2757.064 30 
2704,830 10 2723.607 lh 2741.178 3h 5h 2757.375 lh 
2704.971 5 2723.812 2 2741.684 1 2757.798 80 ] 
2705.323 10 2724.066 | 100 5 2741.966 5 2757.998 15 
2705.568 l 2724.630 2 2742.401 2 25 2758.238 2 
2706,209 1 2724.864 2 100 2742.691 1 2758.347 5 
2706.464 1 2725.13 1 2743.513 2 25 2758.692 2 
2706.936 lh 2725.465 | 125 300 2743.700 1 5 2759.159 10 
2706.967 l 2725.909 2h 2743.934 80 60 2759.324 ] 

2707.310 50 2726.022 1 2744.448 | 125 20 2759.682 | 100 3 
2707.477 70 2726,360 2 2744.705 3h 2760.115 8 
2707.555 2 2726.969 50 2 2745.074 75 2760,155 30 

2707.969 | 100 ] 2727.03 20 2745.158 100 2760.745 20 
2708.635 25 1 2727.505 lh 2745.241 50 2760.943 5 

2708,.841 25 ] 2727.953 2 2745.827 15 2761.473 3 
2709.000 1 2728.168 1 2746.068 25 20 2762.071 40 
2709,045 2728.691 2 2 2746.695 1 25 2762.304 | 100 2 
2709.198 | 125 3 2728.836 80 2 2746.885 75 2763,133 60 3 
2709.755 2 2729.129 2 2747.163 1 2763.413 | 200 10 
2710.228 6 100 2729.39 2 2747.563 10 2763.76 1 

2710.732 10 2729.455 60 3 2747.682 10 2763.900 50 2 
2711.313 2 2729.790 1 2747.963 40 50 2764.229 10 

2712.077 30 2729,998 10 2748.045 40 2764.714 70 l 
2712.409 | 100 300 2730,325 80 2748.150 10 1 2765.134 1 20 
2712.868 10 2730.413 5w 2749.014 10 2765.429 50 100 
2713.071 40 2730.688 5 2749.100 5 2765.521 5 

2713.192 75 2730.932 | 100 3 2749.11 15 2765.853 1 

2713.585 2 40 2731.389 3 2749.230 15 2765.889 i 
2713.728 50 l 2731.59 2 2749.314 2 2766.223 50 1 
2714717 1 2731.903 30 1 2749.64 5h 5h 2766.563 80 
2714,998 l 2732.685 3 2749.824 3 2767.389 l 

2715.101 l 1 2733.086 10 2750.345 50 2767.516 50w 1 
2715233 40 l 2733.578 | 125 1 2750.864 2 2767.689 l 

2715.495 50h 1 2734.013 3 2751.04 2 2767.938 l 

2715.773 75 2734.15 l 2751.618 5 2768.926 | 200 250 
2716.132 30 2734.345 | 200 500 2752.110 4 10 2769.508 lhw 
2716.580 2 10 2734.666 1 2752.262 60 2769.893 lh 
2716.78 l ] 2735.669 | 250 2752.447 70 30 2770.088 l 
2717.001 30 2735.727 | 250 50 2752.763 70 50 2770.296 5 4 
2717.401 1po 2736.315 10 2753.433 | 125 2770.698 | 100 ] 
2717.447 80 2736.456 l 40 2753.508 20 2771.060 l 50 
2717.855 1 10 2736.826 15 60 2753.629 2h 2771.464 3H 5 
2718,.168 lh 2737.057 1 2753.761 1 2771.815 2h 
2718.828 50 2737.145 1 2753.831 2 2772.011 3 
2719.51 250 5 2737.384 1 2753.968 10 2772.459 20 100 
2719.717 25 20 2737.463 20 2754.358 10 2772.608 | 100 
2720.336 1 2737.606 10 2754.603 60 1 2772.956 60 8 
2720.893 1 2737.783 2 20 2755.258 20 2773.559 1 
2721.033 1 2738.884 50 1 2755.519 a 2774.101 lh 
2721.562 70 3 2739.217 | 150 2 2755.748 1 2774.197 10 
2722.081 1 2739.372 20 2755.98 1 2774.480 | 125 2 
2722.386 15 1 2739.454 > 2756.181 1 2775.175 70 1 
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Table 1. Arc and spark spectra of ruthenium - Continued 
| Wave- Wave- Wave- Wave- 
Intensity Intensity Intensity Intensity 

| length, length, length, length, 
| A Ar« Spark A Are Spark A Arc Spark A Ar Spark 
2775.540 2h 2792.32 50 100 2813.3]1 25 100 2832.224 lh 
2775.631 25 30 2792.641 75 1 2813.694 10 60 2832.624 40 

2775.902 80 2794.092 l 5 2814.104 l 2833.05 20 

2776, 389 5 2794.278 20h 2814.247 1 2833.456 l 

2776.509 3 2794.678 20 1 2814,862 25 2833.806 50 
2777.401 50 2794.845 - 2814.952 2 2833.999 80 4 
2777.480 5 2795. 349 8 10 2815.288 2 2834232 2h 
2777.54 5 50 2795.508 30 2815.523 1 2834.347 2 

2778,024 l 2795.555 8 2815.685 2 2834.579 1 

2778.04 l 2795.993 5 2816.116 l 2834.631 1 

2778.388 | 100 150 2796,049 l 2816.281 l 2834.792 10h 

2778.72 ] 2796.461 8 2817.092 | 100 2 2835.415 2 

2778.975 5 30 2796,.543 20 2817.255 l 2835.512 ] 

2779.272 l 2796.697 40 2817.591 50 2835.840 lh 
2779.406 ] 15 2796.904 l 2818.359 | 200 25 2836.143 50 ] 
2779.88 lh 2797.077 2H 2818.809 40 l 2836.319 2h 
2780.759 70 2797.72 1 2818.950 75 3 2836.569 70 2 
2780.817 8h 2797.747 10 2819.562 5 2837.112 3 
2781.425 lh 2798,779 25 2820.521 1H 2837.269 20 

2781.616 1 2798.872 l 2820.667 1 2837.679 2 

2781.831 5 2799.426 l 2821.171 30 2837.814 3 

2782.205 80 2799.587 8 2821.34 1 100 2837.898 lh 3 
2782.23 8 2799.927 15 2821.414 3 2838.438 1 

2782. 361 10 2800.118 5 2821.689 l 2838.615 25 1 
2782,557 ] 2800.408 l 2821.883 l ] 2838.875 10h 
2782,845 l l 2800,.586 2 2822.034 | 100 1 2839.205 5h 
2783.531 ] 2800.676 3 2822.256 l 2839.385 10 
2783.69 l 8 2800.796 3 2822.369 ] 2839.677 ] 

2783.799 4 2801.856 10 2822.542 40 150 2840.537 80 3 
2784, 320 3 2802.152 2 30 2822.778 5 10 2841.118 2 
2784.516 30 40 2802.717 2 3 2823.176 1 75 2841.147 50 
2784,864 2 2802.805 | 125 2 2823.596 l 1 2841.173 2 

2785.186 l 10 2803.112 3 2823.878 2 2841.680 50 100 
2785.334 75 2803.341 5 2824.122 2 2841.928 2h 
2785.649 80 2803.496 40 2824.756 10 2842.527 20 2 
2785.741 2 75 2803.535 4 2824.959 l 2842.749 20 ] 
2785.87 25 2804.903 50 2825.071 30 2843.170 70 10 
2786, 383 15 2805.352 2 2825.162 10 2843.740 3 ] 
2786,.710 5 2806, 736 10 2825.484 40 2844.00 1H 
2787.25 ] 20 2806.77 100 2826.230 50 2844.296 l 

2787.478 l 2807.200 l 25 2826.316 1 2844,395 1 

2787.823 | 100 200 2807.350 5 2826.674 5 50 2844,578 1 

2788.17 l 2807,554 20 2827.053 lh 2 2844.716 5 75 
2788, 388 Sh 2808,.221 50 2827.433 2 2845.229 15 
2788,729 25 2810.029 | 150 5 2827.518 5 2845.537 25 l 
2789,453 3 2810.249 8 2827.604 2 2845.976 lh l 
2789.615 2 2810.551 | 250 2827.857 | 100 10 2846.318 60 3 
2789,833 l 2810,649 250 2829.092 20 2846.537 20 1 
2790.082 5 2810.695 20 2829.149 | 200 20 2846.750 30 ] 
2790,240 15 2811.242 5 l 2830.578 2h 2847.087 10 
2790, 467 l 2811.545 10 2830.702 25 l 2847.574 1 20 
2790,580 1 2811.735 3h 2831.523 20 l 2847.752 2 
2791,036 6 2811.931 10 2831.84 1 50 2848.586 80 5 
2791.193 5 2812.689 l 1 2831.978 1 2848.812 3 
2791.927 3h 2812.817 | 100 1 2832.044 l 2849.289 20 50 
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Table 1. 


Arc and spark spectra of ruthenium - Continued 























Wave- ; Wave- ’ Wave- ; Wave- 
Intensity Intensity Intensity Intensity 
length, length, length, length, 

A Arc Spark A Arc Spark A Arc Spark A Arc Spark 
2849.558 1 2865.544 10 2888.624 50 1 2911.788 l 
2849.591 15 2866.096 1 15 2889.047 lh 2912.167 2h 
2849.775 l 2866.276 15 2889.396 8 2912.185 lh 
2850.024 l 2 2866.653 150 10 2889.420 2 2912.433 50 
2850.697 20 2867.107 10 2890.476 20Hw 2912.745 10 
2850.736 2h 2867.465 25 1 2890.879 10 2912.804 8h 
2850.864 2 2868.183 25 l 2891.130 50 2913.163 60 2 
2851.104 15 2868,310 30 2 2891.219 20 2913.462 l 
2851.866 10 2868.412 8 l 2891.645 60 2 2913.749 1 
2852.461 1 2868.544 15 l 2891.987 2 2913.803 2 
2852.993 5 2868.832 1 2 2892.470 10 2913.999 20 
2853.126 10 2868.945 2 2892.556 50 5 2914.294 50 2 
2853.321 15 10 2869.513 1 2893.731 20 1 2915.614 25 1 
2854.075 200 25 2869.566 1 2894.148 l 2916.251 150 25 
2854. 343 2 2869.846 3 2895.802 15 2916.370 50 50 
2854.528 l 2870.213 40 1 2896.523 100 4 2917.132 40 l 
2854.722 3 40 2870.573 30 2897.180 10 1 2917.416 3 
2854.870 3 2871.186 40 2897.713 20 40 2917.764 50 1 
2854.980 15 2871.493 30 2898.242 40 2917.981 1 
2855.357 20 2871.642 100 5 2898.533 50 2 2918,.521 50 
2855.710 3h 2872.389 5 2898.715 3 2919.604 75 8 
2855.891 30 2 2873.329 30 2899.502 10 2920.254 20 1 
2856.044 30 2 2873.370 50 2899.716 50 1 2920.514 lh 
2856.570 30 2873.752 15 2900.218 1 2920.765 1H 
2856.917 1 2874.050 25 1 2900.441 50 2920.949 30 10 
2857.133 lh 2874.984 | 1000R 30 2900.669 1 2921.140 3 
2857.240 l 10 2875.316 10 1 2901.431 10 2921.406 3 
2857.313 2H 2877.092 40 1 2901.784 25 2921.494 2 
2857.590 2 2877.339 1 2901.937 50 2921.880 3 
2857.646 10 2877.489 1 2902.026 75 2922.087 lh 
2857.780 3 50 2877.826 50 l 2902.087 50 2922.152 lh 
2858.042 l 2878.056 6 2902.572 2h 2922.192 lh 
2858.506 3 2879.078 1 20 2902.854 25 1 2922347 25 
2858.533 l 2879.358 25 2903.074 40 1 2923.112 10 
2858.591 2 2879.756 100 5 2903.394 1 3 2923.677 1 
2858.849 l 2880.091 4 2904.191 5 2923.711 l 
2859.622 10 2880.227 10 2904.704 10 2923.804 5 
2859.749 10 2880.440 5 2905.651 75 5 2923.906 40 
2860.014 100 10 2880.506 2 2905.822 50 3 2924.648 20 
2860. 369 20 2880.689 3 2906.315 60 5 2925.067 20 
2860.593 l 2881.038 2 2906.937 1 2925.748 2 
2861.108 8 2881.273 60 1 2907.160 1 2925.841 5 
2861.408 125 15 2881.777 5 2908. 398 l 2926.519 3H 
2861.686 _ 2882.112 40 200 2908.481 2 2926.529 3h 
2861.718 40 2882.577 15 1 2908.883 150 8 2926.784 5 
2862.216 2h 2882.622 5 2909.212 30 1 2927.119 60 
2862.358 1 2883.594 75 ~ 2909.329 1 2927.535 60 200 
2862.848 2h 10h 2884.500 50 5 2909.750 25 2928.063 2 
2863.003 30 2884.843 80 1 2909.845 25 2928.487 50 2 
2863.261 50h 2885.473 3 2909.940 5 2929.122 1 
2863.324 20 2886.528 150 15 2910.425 20 l 2929.434 40 
2863.767 l 2887.084 4h 2910.772 10 1 2929.748 1 
2863.975 10 2887.118 25 2910.936 5 2929.919 30 
2864.274 1 2887.265 l 2911.014 2 2931.209 20 
2864.618 l 2887.993 70 2 2911.148 2 2932.593 5H 1H 
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Table 1. Arc and spark spectra of ruthenium - Continued 


























Wave- Wave- Wave- Wave- 
Intensity Intensity Intensity Intensity 
length, length, length, length, 

A Ar« Spark A Arce Spark A Arc Spark A Arc Spark 
2933.059 3 2958.858 2 2982.026 10H 3008.797 75 2 
2933.232 ] 50 2959.229 l 2982.522 10 3009.537 lh 
2933.710 l 2959.729 | 100 l 2983.562 2 3009.687 20 l 

| 2934.173 75 l 2960.216 lh 25 2983.781 l 3010.450 30 
| 2934.498 l 2960.965 40 l 2984,365 lh 3010.501 40 

2934,.658| 2 | 2961.334| 1 2984.744| 2 3011.079] 1 

2935.330 l 2961.538 l 20 2985.38] 2h 3011.193 l 

2935.517 40 2961.685 75 2985.676 5h 3011.607 3 

| 2936.00 ) l 2962.08 ] 10H 2985.812 20 3011.886 l 

| 2936.247 | 3 ] 2962.191 l 2986. 328 25 3012.915 75 2 
| 2936. ] ] | 2962.544 lh 2987.269 2 3013.354 75 2 
| 2937.043 25 2963.398 25 60 2987.694 30 l 3014.070 ] 

| 2937.336 30 ] 2963.714 | 100 l 2987.928 6 3014.208 l 

| 2937. 43 | l | 2964.295 15 2988.089 10 3014.360 lh 
| 2937.850 ] 2965.168 | 150 2 2988.945 | 300 50 3015.008 ] 

| 2938.967 | | lh 2965.554 75 200 2989.321 25 l 3015.410 ] 30 
2939.135 | 75 | l 2965.694 15 2989.652 50 2 3015.956 - 
2939.676 | 25 l 2965.879 5 2990.289 40 l 3016.684 2 

2939.938 80 2 2966, 399 10 2991.453 10 3017.235 | 200 25 
2940.352 | 100 2 2966.549 20 2991.621 50 70 3017.816 l 3 
2941.212 | l 2967.064 ] 2991.966 l 3018.690 lh 
2941.762 10 2967.342 50 2992.083 15 3018.750 l 

2941.979 | 5 2968.022 10 2992.120 40 3019.291 

| 2942.244 | 50 | 50 2968. 398 30 2992.601 20h 3019.367 15 l 
| 2942,.699 l 2968.468 30 3 2992.948 30 l 3019.642 l 
2943.47 60 l 2968.952 | 100 8 2993.142 10 3019.76 2h 5 
2943.919 | 100 2 2969.739 2 2993.273 | 100 10 3020.218 lw 
2944,.173 20 2969.854 2 2994.650 5h 3020.549 l l 
| 2944, 38 10 | 2970.093 5 2994.967 | 150 10 3020.871 | 150 25 
| 294 8 | ] 10 2970.368 2h 2995.903 10 3021.23 lh 
2945.661 | 100 500 2970.672 4h 2996.002 20h 3021.265 ] 

2946.981 | 100 3 2971.057 2h 2996. 331 l 3021.977 l 
2948.279 | lh 2971.261 l 2996.449 5 3022.61 10h 
2948.847 2 l 2971.757 25 2996.891 75 2 3022.946 10h 
2949.492 150 15 2972.466 2 15 2997.421 50 l 3023.84] 8 
2949.947 | 2 2972.578|} 1 10 2997.613 | 50 1 3023.885| 2 
| 2950.028 20 2972.98 l 8 2998.126 3h 3025.085 20 
| 2950.532 0 3 2973.602 l 2998. 346 75 5 3025.398 ] 
| 2951.41 l 60 2 2973.826 l 8h 2998. 886 25 75 3025.836 20 

2952.246 10 2973.976 | 100 l 2999.789 lh 50 3026.457 1 

2952.489 80 l 2974.327 30 l 3000.217 60 l 3026.817 8h 
2952.706 | 10 2974.643 4 3000.465 10 3027.076 60 l 
2952.931 | ] 2974.882 ] 4 3001.634 60 2 3027.535 ] 

2953.003 | 10 ] 2975.122 25 l 3002.050 5 3027.780 3 30 
2953.932 ] 2976.578 50 200 3003.473 20 l 3027.901 3 

2954.084 25 2976.923 | 100 10 3003.939 3 3028.271 l 
2954.484 | 125 25 2977.219 30 30 3004.211 15 l 3028.423 l 

2954.855 lh 2977.471 2 r 3004.598 50 l 3028.554 l 

2955. 348 50 l 2977.801 3 l 3005.14] ] 25 3028.889 ] 

2955.593 20 | ] 2978.36] 30 3005.891 l 3028.928 5 
2955.833 20 ] 2978.638 40 50 3005.965 30 l 3029.373 . 
| 2956.062 5 2979.713 60 60 3006.588 | 300 10 3029.948 ] 

2956.133 : 2979.946 70 70 3006.716 10 3030.406 2 

2957.166 4 2980.966 | 25 3007.88 2h 2h 3030.776 60 1 
2957.996 | 100 6 2981.934 75 l 3008.262 75 l 3031.107 10 ] 
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Table 1. 


Arc and spark spectra of ruthenium - Continued 























Wave- Wave- ; Wave- Wave- 
Intensity Intensity Intensity Intensity 
length, length, length, length, 
A Arc Spark A Arc Spark A Are Spark A Arce Spark 

3031.899 50 l 3051.593 50 1 3073.548 40 3098,834 1 

3032.250 > 3051.854 1 3074.369 2 3099.284| 250 30 
3032.442 7 3052.075 1 3075.117 2 3099.908 2 3 
3032.624 5 3052.334 15 1 3075.313 10 3100.582 10 ] 
3032.664 5 3053.124 5H 3075.33 20 3100.836] 100 30 
3033.076 3 3053.455 2hw 3076.773 60 3 3101.462 2h 
3033.449 | 100 10 3053.80 l 3077.057 20 15 3102.136 10 

3033.911 8 3054.563 3 5H 3077.542 30 3 3102.364 10 

3034.058 50 5 3054.934 | 150 25 3078.066 1 3102,532 lh 
3035.000 2 3055.294 1 3078.366 1 3103,333 3 

3035.471 50 3 3056.060 30 1 3078.453 2 3103.422 30 
3035.792 15h 3056.108 30 1 3078.679 1 3103,748 2 

3036.463 40 75 3056.754 8 3078.919 1 3103.931 3 

3037.116 2h 3056.855 6 100 3079.120 4h 3104.457 50 ] 
3037.267 l 3057.353 50 1 3079.826 2 3104,.607 4 1 
3037.376 5 3057.974 1 3080.188 50 4 3105.278 50 20 
3037.728 30 2 3058.650 75 2 3080.898 75 10 3105.407 50 ] 
3037.961 40 3 3058.795 75 2 3081.396 25h 3105.790 2 

3038.169 50 3 3059.101 20 3081.847 10 3106,837 50 5 
3038.758 15 3059.175 75 3082.963 1 3107.586 30 
3039.445 2h 3059.733 1 3083.145 60 2 3107.720 | 150 

3039.50 lh 3060.217 15 30 3084.521 30 2 3108,.423 30 ] 
3039.674 10 l 3060.500 30 3084.877 4 3109,394 35 

3039.952 25 2 3061.764 5 3085.190 5 3110,536 75 5 
3040.096 2 3062.043 25 2h 3085.473 5 3111.148 5h 
3040.319 | 100 8 3062.07 8h 3086.076 75 10 3111.910 50 5 
3040.922 1 3062.819 1 3086.520 20 3112.299 30 4 
3041.906 40 1 3062.914 1 3086.624 25 3112.676 70 3 
3042.367 l 3062.997 1 3086.771 10 3113,393 80 3 
3042.480 | 100 10 3063.568 10h 3086.929 30 3113.947 10H 
3042.829 60 8 3063.729 20 3087.924 lh lh 3114.770 20 

3043.045 20 l 3063.915 1 3088.078 25 1 3115.436 8 

3043.342 lh lh 3063.972 1 3088.245 l 3115.606 5h 
3043.553 lh 3064.22 20w 3089.147 80 15 3116.657 50 

3043.936 lh 3064.366 l 3089.689 10 3116.834 25 

3044.00 lh 3064.834 | 250 50 3089.802 60 10 3117.060 4 

3044.314 lh 3065.708 5w 3090.225 50 10 3117.454 3 

3044.527 lh 3065.882 1 3090.523 5 3117.631 a 

3045.715 | 125 10 3065.968 2 3090.896 40 5 3118,065 80 50 
3045.999 20 1 3066.102 1 3091.190 1 3118.687 80 3 
3046.132 10 3066.34 20w 3091.361 2 3119.479 15 1 
3046.243 50 3066.435 20 3091.867 70 10 3119.670 10 

3046.827 lh 3067.238 2 3092.245 2 3120,234 3 
3046.989 3 3067.575 3 3093.456 2 3120,542 30 

3047.187 2 3067.665 5 3093.713 lh 3120.872 25 
3047.223 1 3067.777 4 3093.902 1 100 3121.994 30 1 
3047.702 2 25 3067.924 3h 3094.392 50 2 3122.310 3 

3048.30 1 3068.260 75 15 3094,565 25 3122.820 1 

3048.496 t 5 3068.610 4 3096.565 | 100 25 3122.954 l 

3048.793 | 150 10 3069.181 50 2 3097.225 40 2 3123.486 2 

3049.066 2 3070.116 1 3097.606 75 20 3123.892 10 
3049.16 2 3070.317 1 4 3097.865 3 3124.164 | 100 5 
3049.246 1 50 3071.484 30 1 3097.960 1 20 3124.362 25 2 
3050.181 10 3072.341 4h 30 3098.116 2 3124,601 50 1 
3050.334 1H 3073.337 80 5 3098.58 2 3124.678 25 
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Table 1. Arc and spark spectra of ruthenium - Continued 
Wave- —— Wave- or Wave- : : Wave- ; 
length, saad length, annanaeend length, ew length, maenany 
A Arc Spark A Arc Spark A Arc Spark A Arc Spark 

3125.651 15 l 3148.493 75 l 3170.088 80 1 3197.482 5h 
3125.958 | 100 5 3148.716 2h 3171.239 50 l 3198.329 40 1 
3126.342 2 3148.913 3h 3172.669 4 80 3198.624 20 
3126.613 15 20 3149.901 1 1 3172.946 5 3199.119 15 

3127.258 2 3150.172 4 3173.110 25 3199,528 1 

3127.533 2 3150.699 | 100 40 3173.394 25 l 3199,821 1 

3127.923 l 25 3151.363 80 2 3174.128 60 1 3200.971 1 

3128.085 2 3151.686 2 3175.143 2 20 3201.260 30 50 
3128.286 3 1 3152.311 3 2 3175.312 10 10 3201.512 70 5 
3128.428 5 3152.611 1 3176.286 50 l 3201.812 3 
3128.920 l 3153.583 lh 3177.048 75 150 3202.598 40 1 
3129,135 2 3153.831 | 150 20 3178.135 2 3203.555 10 
3129.45] 15 l 3154.428 25 l 3178.736 25 1 3204.071 75 3 
3129.601 30 2 3154.639 lh 3179.025 2 3204.287 20 
3129.835 75 5 3155.186 l 3179.24 10 3205.318 50 2 
3131.845 lh 3155.895 3179.263 30 3205.567 2 
3131.996 lw 3156.640 3 l 3180.455 10 3205.736 2 
3132.701 10 3156.821 25 2 3181.001 3 1 3206.491 2 
3132.874 | 100 5 3157.090 20 2 3181.189 5 1 3206.799 2 50 
3133.511 a 3157.173 2 3181.985 1 3207.421 10 
3133.687 20 3157.414 25 1 3182.144 1 3207.635 6 
3134,631 1 3157.626 20 1 3182.852 1 3207.841 15 
3134.777 2 3157.850 15 1 3182.967 2 3208.293 25 
3134.817 25 3158.057 l 3183.137 1 3208.419 25 
3135.066 2 3158.899 | 125 8 3183.479 25 3208.732 6 
3135.199 10 3159.248 lh 3183.513 2 3208.813 8 
3135.807 l 25 3159.935 | 200 10 3184.177 1 l 3209.303 1 
3135.933 25 3160.631 1 75 3184,.847 50 1 3209.422 3h 
3136.349 5 3160.821 10h 3185.294 10 3209.489 3 
3136.554 | 100 5 3160.924 1 3185.447 10 1 3209.655 40 1 
3136.911 30 3161.895 3 3186.042 | 200 25 3210.169 30 3 
3138,022 lh 3162.078 1 3186.584 1 3210.688 2 
3138.761 10 3162.223 3 3186.785 lh 3211.144 3 
3139.273 50 1 3162.589 lh 3187.822 1 3211.381 5h 
3139.576 2h 3163.091 2 3187.939 40 1 3212.053 50 2 
3140,086 10 3163.188 2 100 3188.340 | 200 25 3212.983 | 100 10 
3140.485 75 2 3163.831 25 3188.609 25 5 3213.355 50 2 
3140.979 | 125 4 3164,374 1 3188.916 30 3 3214.335 50 1 
3141.594 10 3164,719 10 3189.297 30 2 3215.493 3 
3142.412 5 3164,834 5 3189.726 20 5 3215.910 50 1 
3142.522 5 3164.950 5 3189.979 | 200 10 3216.528 | 100 10 
3142.88 l 3165.071 50 3191.778 20 1 3217.523 _' 
3143.240 1 40 3165.195 25 3192.068 | 100 5 3217.863 10 
3143.650 60 3165.398 5h 3192.568 2h 3218.443 1 
3144,265 | 150 5 3165.887 l 3192.741 lh 3218.920 1 
3144.502 l 3166.091 2 15 3193.158 4H 3219.148 8 
3144,579 l 3166,339 2 3193.509 40 2 3219.418 50 
3144,640 l 3166.542 1 15 3193.824 1 3220.081 50 2 
3144,.715 15 3167.381 5 3194.746 | 100 1 3221.187 50 2 
3146,075 50 3167.458 1 75 3195.031 5 3221.360 3 25 
3146.09 15 3167.820 8 3195.148 2 100 3221.946 l 
3146.395 3 3167.984 1 3195.317 15 3221.970 3 30 
3147.214 | 100 1 3168.243 40 1 3195.746 5h 3223.279 | 200 15 
3147.456 10 50h 3168.489 30 2 3195.909 1 3224.041 4 
3148,021 10 3168.560 60 5 3196.606 | 200 10 3224.658 25 3 















































112 


























Table 1. Arc and spark spectra of ruthenium - Continued 
Wave- Wave- Wave- : Wave- ! 
j Inten ensit 
aah, Intensity sength, Intensity length, ntensity length, Intensity 
A Arc Spark A Arc Spark A Arc Spark A Arc Spark 

3224.938 15h w || 3253.314 15 3277.976 3h 3305.653 1 

3225.320 2 3254.539 | 80 10 3279.391 30 2 3306.179 | 300 30 
3226.380 | 100 15 3254.707| 80 10 3280.297 2 3306.557 2h 

3226.526 3 3256.334| 75 2 3280.462 | 100 5 3307.547 30 1 
3226.906 | 80 2 3256.611 5 3281.193 2h 3307.985 75 5 
3227.889 75 5 3257.102 4 3281.518 8h 3308.102 3 
3228.158 | 40 3 3257.159 2h 3281.593 8 3308.624 50 1 
3228.49 150 3257.748 20 3281.861 75 2 3308.885 lh 10h 
3228.531 | 150 3258.042 75 8h 3282.605 10 3309233 10h 
3228.724 2 3258.774 15 3282.936 a 3309.650 3 

3229. 768 50 2 3258.970 | 10 75 3282.973 60 3309.834 10 

3230.159 2H 3259.677 | 100 10 3283.574 | 40 1 3310.082 8 

3230.621 30 1 3260.147 10 3284.343 1 30 3310,.283 15h 
3231.485 2 3260.167 10 3284.935 | 150 15 3310.958 75 3 
3231.586 10h 3260.367 | 400 15 3285.377 25 1 3311.225 10 

3231. 782 lh 3260.838 1 3285.762 2h 3311.36 10h 

3232.753 | 80 3 3261.128 | 60 2 3285.915 25 1 3311.926 5 

3233.519 5 3261.747 2h 3286.114 1 3312.214 15 1 
3233.680 2h 3263.131 2 3286.840 2h 3312.313 2 

3234.339 1 50 3263.856 | 100 5 3289.244 | 100h 3H 3312.831 10 
3234.428 10 3264.561 | 100 5 3290.823 5 3313.010 1 
3234.805 50 3264.663 | 100 5 3291.119 75 1 3313.623 4 

3235.098 10 2h 3264.795 25 3291.657 60 1 3313.738 lh 
3235.786 5h 3264.977 5h 3292.260 li 1 3314.064 25 

3235.976 | 25 1 3265.649 2 3293.161 5 3314.512 2 

3238.537 | 100 30 3266.112 8 3294.109 | 500 15 3314.770 20 1 
3238.780 | 30 1 3266.453 | 125 5 3294.232 300 3315.052 40 5 
3239.596 | 30 3 3267.104 10 3294.755 5 3315.255 | 80 10 
3239.686 10 1 3267.184 Sh w || 3296.116 | 100 15 3315.438 | 20 2 
3239.928 l 3267.788 2 3296.645 80 10 3315.958 2 

3240.294 5h 3267.830 2 3297.259 80 10 3315.994 2 

3241.236 | 100 10 3268.214 | 200 30 3297.960 | 100 15 3316.106 2 

3241.786 lh 3268.803 60 3298.321 5 3316.380 | 150 25 
3242.159 | 40 1 3268.935 25 3298.408 30 ' 4 3316.908 | 20 

3242.850 25 1 3269.811 3 3298.454 30 4 3317.015 3h 
3243.506 | 100 10 3270.155 3h 3299.336 | 100 5 3317.402 3 
3243.998 3h 3270.244 25 3299.788 8 3317.591 2 5 
3244,334 10 1 3271.452 2 3300.115 2H 3317.883 | 100 3 
3244.456 15 1 3271.490 2 3300.64 10H 3318.821 40 2 
3244,.581 15 1 3272.010 lh 3301.14 15h 3318.900 40 2 
3245.611 2 25 3272.243 5h 3301.170 3 3319.527 60 1 
3246.222 25 3272.650 2 3301.219 15h 3319.801 25 
3246.257 2 3272.695 2 3301.318 2 3319.903 2 

3247.36 20 l 3272.806 2 3301.593 | 500 50 3320.779 3 
3248.04 3 3273.082 | 200 25 3301.911 75 8 3321.248 60 1 
3248.841 15 l 3273.612 3 10h 3302.182 5 3321.644 5h 
3249.924 25 4 3274.691 | 200 25 3303.264 3w 3322.223 25 lh 
3250.002 50 4 3275.078 3h 3303.581 2w 3322.591 1 
3250.458 5 3275.729 15 3303.998 | 100 15 3322.784 3h 
3251.327 50 2 3275.910 3 3304.288 1 3323.142 2 
3251.893 10 1 3276.344 lh 3304,502 40 2 3323.213 l 

3252.263 6 3276.677 3 3304.637 40 1 3323.501 1 
3252.540 10 1 3276.783 2hw 3304.789 50 3323.945 40 
3252.898 10 1 3277.341 40 3304.820 20 1 3324,553 2 
3252.993 15 1 3277.564 | 125 20 3305.212 2w 1 3324.800 lh 
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Table 1. Arc and spark spectra of ruthenium - Continued 
ware Intensit nod Intensi anesod Int i neal i 
length, d length, ay length, ntensity length, Intensity 
A Arc Spark A Arc Spark A Arc Spark A Arc Spark 

3324.999 100 2 3353.310 60 3384.771 1 3420.090 300 8 
3325.229 10 3353.648 100 2 3385.161 125 20 3422.414 8 

3325. 286 10 3353.860 8 3385.403 2 3424.018 1 
3325.407 25 3355.680 30h 3385.480 30 3 3424.131 1 
3326.099 20 3356.201 50 5 3385.704 50 5 3424,381 5h 
3327.700 100 1 3356.476 25 1 3386.254 50 2 3425.952 30 1 
3328.456 25 3357.15 3 3387.232 50 2 3426.434 10 2 
3329.404 3 3357.512 5 3387.963 1 3H 3427.728 6h 
3329.811 2 3358.37 2 3388.710 200 16 3428.319 | 1500R | 100 
3330.270 3w 3358.663 5 3389.503 150 10 3428.628 80 10 
3330.581 10 3358.707 - 3390.899 16 1 3429.547 | 200 30 
3330.931 3 3358.818 3 3391.895 60 2 3430.387 2 
3331.14 10w 3359.095 200 25 3392.027 2 3430.764 | 500 60 
3332.051 125 2 3359.230 15 3392.533 300 20 3432.204 150 10 
3332.641 125 2 3359.324 15 3393.259 2 3432.755 400 50 
3333.759 5 3359.507 l 3393.904 1 3433.10 lh 
3334.963 2 3359.780 2 3395.305 lh 3433.255 600 20 
3335.689 150 5 3359.985 5h 3395.920 2 3434.02 2h 
3335.852 l 3360.060 3H 3396.826 10 1 3435.183 | 200 20 
3336.22 4h 3360.327 2 3398.335 l 3436.330 20 5 
3336.631 60 2 3360.79 l 3398.862 8h 3436.737 | 3000R 150 
3337.829 60 2 3361.145 50 l 3399. 383 50 2 3438.369 400 30 
3338, 329 2 l 3362.007 100 5 3399.983 s 3438.681 50 2 
3338.713 40 3 3362.140 8 3400.594 3 3440.207 500 40 
3339.555 500 50 3362.337 50 Sh 3400.750 20 3443.153 40 1 
3339.788 2 75 3364.100 60 8 3401.188 5h 3445.296 20 1 
3340.404 l 3364.824 10 1 3401.508 20 2 3445.939 6 
3340.789 2h 3365.093 4 3401.740 500 50 3446.070 50 2 
3340.943 2h 3365. 384 l 2h 3403.779 6 3446.490 50 2 
3341.090 60 l 3366.788 lh 3405.147 3 3446.750 10H 
3341.34 l 3367.735 a 3405.280 5 3448.959 500 30 
3341.665 150 30 3368.455 250 30 3405.885 50 5 3450.821 1 
3342.064 2 3368.863 2 3406.598 60 5 3451.224 l 
3342.665 2 3369.288 - 40h 3406.914 2 3452.906 400 10 
3342.709 6 3369.674 50 l 3407.581 lh 3455.385 30 2 
3342.90 6w 3370.061 2h 30h 3409.279 400 40 3455.737 20 2 
3343.200 50 3370.16 2h 3409.573 20 l 3456.621 200 5 
3343.431 l 3371.863 125 10 3410.03 lh 3457.688 2 
3344,266 l 3373.472 2h 3410.742 50h 3459585 40 2 
3344,535 75 8 3373.986 75 3 3411.637 300 10 3460.647 2 
3344,806 8 2 3374.656 125 10 3412076 10 2 3460,742 2 
3345.316 75 8 3374.901 50 3 3412.799 100 4 3461.930 60 2 
3346.24 3H 3375.258 30 3413.719 4 l 3462.04 3 
3347.374 l 1 3376.058 15 3413.983 4 l 3462.983 10H 
3347.617 100 2 3376.624 2h 3414.133 1 3463.143 300 6 
3348,017 50 2 3377.633 l 3414.278 6 1 3465.292 4 
3348,704 75 1 3378.034 125 10 3414,641 100 2 3465.405 10h 
3349.674 5 3379.033 25 1 3414.843 6 l 3467.051 75 2 
3350.109 50 3379.267 40 2 3416.188 80 2 3467.876 1 
3350.246 5 300 3379.608 100 15 3416.612 5h 3469.269 5h 
3350.550 30 3380.173 100 10 3417.332 | 1000R 300 3469.907 lh 
3351.695 2 3380.356 3h 3417.648 20 1 3470.001 2 
3351.930 100 4 3380.575 2 3417.975 50 2 3470.283 1 
3352.970 10 1 3380.916 50 1 3418.154 2 3470.661 5 
3353.29 8 3382.229 l 2 3419.248 50 l 3472.244 150 10 
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Table 1. 


Arc and spark spectra of ruthenium - Continued 























Wave- ; Wave- : Wave- Wave- 
Intensity Intensity Intensity Intensity 
length, length, length, length, 

A Arc Spark A Are Spark A Arc Spark A Are Spark 
3472.669 20 2 3514.757 60 1 3547.380 50 2 3582.801 2 ] 
3472.739 10 1 3515.171 2 3547.760 10 3583.104 2 
3473.195 lh 3515.682 40 2 3548.220 1 3584.022 20h 
3473.752 700 100 3515.897 40 2 3548.508 l 10H 3584.198 150 10 
3474.845 100 2 3516.194 6 3549.632 6 1 3584.880 2 
3477.238 2 3517.417 20 3549.737 30 2 3585.150 6H 
3477.830 2 3518,009 2 3550.271 200 10 3585.43 4H 
3478.061 1 3518.991 60 3550.635 50 6 3585.812 30 
3478.915 2 3519.641 500 30 3551.220 10 2 3587.204 300 100 
3479339 5h 3520.063 20h 3553.672 20 1 3589.220 | 2000R 200 
3479.794 2 1 3520.134 300 10 3553.850 200 50 3590.525 10 2 
3480.060 2h 3521.972 40 l 3554.274 10 3590.884 60 6 
3480.141 20 ] 3522.284 40 1 3554.649 2 3591.333 2 
3481.308 600 80 3523.167 1 3555.827 2 3591.518 30h 
3481.928 2h 3523.275 1 3556.168 5 l 3593.029 | 3000R 200 
3482.347 80 2 3523.917 6 3556.393 6 1 3596.057 50 10 
3483.174 200 10 3524.161 a 3556.634 125 6 3596.185 | 2000R 200 
3483.294 200 10 3524.480 20H 3556.816 10H 3597.850 2h 
3483.649 5h 3524.655 2 3557.062 125 6 3598.225 10 
3486.211 50 ] 3524.905 50 1 3559.643 4 2 3598.478 20 
3486.799 50 1 3525.657 10 1 3559.883 50 2 3599.400 30 6 
3487.461 4 3525.829 10 lh 3560.029 20 1 3599.769 | 1000 150 
3487.672 5h 3526.578 80 1 3560.175 30 1 3601.487 150 10 
3489.750 15 3527.183 20H 3560.569 1 3601.613 ] 2 
3490.277 5h 3528.030 20 3561.570 40 lh 3601.955 2 
3490.729 20 2h 3528.679 250 50 3561.900 100 10h 3603.059 2H 
3492.104 10 3529.292 50 5h 3562.618 60 4 3603.365 4 
3493.227 50 1 3529.621 2 3563.148 20 2 3605.640 200 20 
3494.254 150 15 3531.389 200 30 3563.611 20 2 3606.153 20 ] 
3495.985 150 15 3531.808 10 3563.827 10 3606.546 4 
3496,130 100 2 3532.063 8 3564.133 10 3607.414 6 
3497.617 2 l 3532.810 | 300 50 3564.364 | 100 10 3608.729 | 150 20 
3497.935 100 4 3533.917 25 1 3564.504 30 8 3609.102 60 2 
3498.944 | 6000R 600 3534.414 l 3564.570 150 20 3612.332 2 
3500.528 2 3535.059 50 ] 3564.809 60 10 3612.463 2 
3500.86 10h 3535.32 60 2 3565.248 2 3612.482 5H 
3501.365 60 3535.382 | 200 10 3565.437 5H 3612.934 4 1 
3502.039 2 3535.836 | 200 20 3566.452 10H 3613,854 15 l 
3502.423 80 10h 3536.572 60 10 3566.736 1 3614.342 5 2 
3504.56 2h 3537.941 | 400 50 3567.157 | 100 10 3615.206 2h 
3505.712 2 3539.254 | 200 20 3567.751 10 1 3616.056 5 
3505.910 2 3539.368 400 50 3568.527 50 2 3616.954 150 15 
3507.327 3h 3540.210 50 1 3570.606 | 1000 200 3618,570 2 1 
3508.371 2 3540.673 2 3571.767 60 2 3619.201 200 30 
3509.217 2 200 3541.040 2 1 3572.022 150 5 3620.288 150 15 
3509.716 100 2 3541.622 200 20 3573.666 10 3621.573 2 
3510.314 4 3542.617 2H 3574.601 200 50 3621.985 2h 
3510.975 3 3542.909 4 3575.054 40 2 3623.634 60 5 
3511.131 20 3544.677 2 3576.871 50 4 3623.694 50 5 
3511.40 2h 3545.176 1 3577.045 6h 3623.855 10h 2h 
3511.561 10 3545.713 2 3577.540 70 4 3625.197 300 50 
3512.885 40 l 3545.797 10 3578.686 30 2 3626.740 | 300 100h 
3513.299 2 3546.014 4 3579.773 | 100 10 3627.285 | 100 10 
3514.12 5 3546.982 100 4 3581.820 1 3627.896 2h 
3514.491 | 1000 60 3547.184 50 2 3582.395 1 3628.629 4h 















































115 



































Table 1. Arc and spark spectra of ruthenium - Continued 
Wave- Wave- Wave- Wave- : 
Intensity Intensity Intensity Intensity 
length, length, length, length, 

A Ar Spark A Arc Spark A Arc Spark A Arc Spark 
3631.414 20 1 3674.634 2 3714.644 50 3753.546 150 60 
3631.710 150 20 3675.253 40 4h 3715.559 125 10 3755.094 200 20 
3632.109 2 3675.603 2h 3716.173 150 3 3755.728 50 a 
3632.412 20 2 3676.289 4h 3716.998 300 60 3755.937 300 80 
3633.916 150 10 3676.376 2 3717.674 40 5h 3757.730 2h 
3634,931 | 1000R 200 3676.663 60 10 3718.400 50 2 3759.838 200 50 
3635.512 150 20 3676.952 40 4 3719.325 300 80 3760.019 400 60 
3637.461 250 50 3677.976 10 l 3720.212 1 3761.511 200 60 
3638.011 150 10 3678,056 10 2 3720.627 2h 3763.595 2 
3638.540 2 3678.314 200 16 3721.929 a 3764.037 50 6 
3639.140 l 3680.052 10 2 3722.303 10 2 3765.808 10 2h 
3640.638 150 10 3680.430 l 3722.645 5h 3766.478 6 2h 
3644,275 5h 3681.658 2h 3724.967 150 10 3766.72 lh 
3644,582 2 3681.986 1 3725.482 50 6 3767.353 150 80 
3644.852 4 3682.402 1 3726.096 300 40 3769.012 10h 
3645.201 2H 3682.644 l 3726.926 | 5000R 300 3769.243 2 
3645.674 40 1 3683,573 16 2 3728.026 | 9000R 300 3769.870 4H 
3646.111 150 10 3684.126 l 3730.432 | 2000R 150 3770.463 2 
3649.196 2 3685.050 40 S 3730.592 50 3 3771.076 2 
3649,538 2 3685.944 100 10 3730.899 40 2 3771.100 2 
3649.771 2H 3686.588 20 2 3732.020 100 6 3771.918 2 1 
3650.324 175 10 3688.776 4 3732.744 S 3772.386 2 
3652.311 100 3 3690.030 30 150 3733.041 100 2 3773.175 60 6 
3652.488 7 2 3690.706 l 3734.132 2 3773.808 6 
3652.614 2 3690.995 10H 3734.195 2 3774.474 10h 
3652.667 2 3691.263 2h 3734.455 o 50 3777.588 400 50 
3652.836 5H 3691.448 l 3734.834 4h 3777.758 60 a 
3653.698 30 2 3692.358 30 1 3735.020 40 2 3777.923 6 
3654.405 150 40 3693.589 50 Q 3736.823 2 3778.711 150 20 
3655.936 4 3693.634 10 3737.407 300 50 3779.426 10 2h 
3655.984 6 l 3693.760 150 10 3737.758 50 “ 3779.969 50 2 
3656,563 2H 3693.996 - 2 3738.630 150 20 3781.171 150 30 
3657,169 150 3 3696.583 200 30 3738.914 200 40 3781.660 30 2 
3657.571 10 60 3697.857 60 s 3739.470 250 60 3782.272 2H 
3657.733 2 3698.874 l 3740.230 5H 3782.749 120 4 
3659.470 30 l 3700.344 60 2 3740.468 2 3784.175 2H 10h 
3660.070 30h 3700.980 150 20 3741.006 10 3784.190 5h 
3660.813 60 10 3701.312 60 2 3742.287 | 1000R 200 3784.749 6 
3661.364 | 2000 400 3701.833 2 l 3742.798 400 200 3786.065 | 1000 300 
3661.570 50 6 3702.228 50 2 3743. 328 60 5 3790.521 | 1500R 400 
3663.07 3 1 3702.920 6 3743.956 40 5 3793.916 2 
3663.378 800 150 3703,203 60 4 3744,219 125 30 3794.924 125 20 
3665, 868 2 3705.347 30 2 3744,396 125 50 3795.185 100 10 
3666.550 l 3705.400 3 3745.592 500 300 3795.691 4 
3666,831 6H 2H 3707.976 6H 3746.218 50 2 3798.054 250 30 
3666.88 2h 3708.592 6h 3746.932 10h 3798.899 | 3000R 150 
3667,035 4 3709,089 4 3747.453 2 5h 3799.353 | 3000R 150 
3667,982 2 3709.21 10H 3748,134 2 3800.261 150 30 
3668.742 30 2 3710.151 2 3748.411 2 3801.843 2 
3669.546 600 100 3710.302 20 2h 3749,334 6 3802.660 2h 
3671.212 80 a 3710.998 2h 3749.799 6h 3802.724 2h 
3672,059 10 2 3712.299 100 8 3750.289 2h 3803.191 100 16 
3672,378 100 4 3713.191 2 3750.508 8 3804.056 1 
3673.209 2 3713.432 2H 3751.856 40 6 3804.572 1 10 
3674,002 2 3714.082 2 3752.787 60 2 3805.432 100 12 
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Table 1. 


Arc and spark spectra of ruthenium - Continued 























Wave- ' Wave- ‘ Wave- Wave- 
Intensity Intensity Intensity Intensity 
length, length, length, length, 

A Arc Spark A Arc Spark A Arc Spark A Arc Spark 
3805.685 6 2 3853.692 2 3903.223 2 3957.448 100 4 
3806.567 5h 3854.287 2 3904.152 3h 3958.863 2 
3808.689 125 30 3854.720 100 6 3905.171 4 3959.208 2h 
3810.870 4h 3855.579 5 lh 3905.993 20 2h 3960.941 2 
3811.166 4h 3856.458 300 20 3907.651 1 4h 3964.908 500 60 
3811.805 2h 3856.972 60 2 3908.768 125 20 3969.794 100 2 
3812.739 300 60 3857.551 | 1000 200 3909.085 600 100 3970.404 4 
3813.164 10 2h 3857.998 30 2 3911.147 40 2 3974,.504 150 6 
3814.848 150 20 3858.687 60 4 3912.117 125 8 3976.729 2 
3816.207 2 3859.696 100 10 3912.992 2 3978.449 500 60 
3817.293 200 100 3860.725 200 30 3913.761 3h 3979.420 500 50 
3817.948 50 4 3861.453 30 3914.13 1 3981.895 60 2 
3818.354 30 2 3862.690 | 1000 200 3914.32 1 3982.217 50 
3819.039 400 60 3863.975 2 3914.859 200 30 3984,678 20 5 
3819.764 100 6 3864.851 40 3917.596 2 3984.862 | 1000 300 
3820.386 Sh 3865.419 150 10 3917.706 4 3987.797 400 100 
3820.964 10h 3865.742 6 3919.557 6 3988.841 2 
3821.650 10 1 3867.186 S 3920.923 150 60 3989.194 60 2 
3822.091 300 80 3867.844 | 1500 100 3922.01 4 3991.793 4 
3823.035 2 3870.824 8h 2H 3922.221 4 2 3993,532 100 4 
3824.938 | 200 50 3871.231 100 4 3922.338 10 2 3994.562 10 
3826.103 60 6 3871.695 10 3923.486 | 1000 200 3995.982 200 10 
3826.259 a 1 3872.381 6 3924.636 60 20 3996.504 100 6 
3826.864 2H 3872.730 4 3925.930 | 1000 150 3997.954 6 
3827.552 10h 3873.537 200 40 3926.46 3 1 3999.,488 4 
3827.92 3h 3876.102 150 6 3927.401 2 4000.103 4 
3828.719 125 10 3876.679 100 4 3929.554 lh 4000,550 4 
3829.336 50 5 3877.575 4 3929.854 6h 4002.957 60 
3829.493 20 2 3878.771 4 3931.787 600 50 4005.089 6 ] 
3830.875 50 5 3879.023 2 50 3932.287 3 4005.646 200 20 
3831.795 200 60 3879.305 4 3932.828 10h 4006,602 150 10 
3832.272 2 5h 3880.8 33 60 4 3933.566 300 20 4007,.533 100 6 
3834.229 5 3882.034 125 6 3935.363 2 4008.266 125 10 
3835.062 150 20 3884.075 100 15 3935.722 2h 4009.928 ] 100H 
3835.983 20 ] 3884.718 100 10 3936.168 4 4011.732 20 
3836.715 30 3885.823 2h 3936.787 6 4013.502 125 6 
3836.968 3 3887.308 2 3937.919 250 15 4013.736 40 4 
3838.069 150 15 3887.826 100 10 3939.126 10 4014.153 40 6 
3838.725 80 5 3888.322 2 3941.672 200 8 4015.448 4 
3839.699 400 60 3889.43 lh 3942.078 200 8 4016.128 2 
3840.823 125 6 3890.216 125 15 3944.200 200 6 4016.740 20 
3840.989 100 6 3891.425 60 4 3944795 6 l 4017.810 1 
3842.671 30 2 3892.230 500 60 3945.586 | 1000 60 4018.142 4 
3843.152 150 8 3892.773 40 4 3946.321 60 2 4019.551 60 4 
3843.462 6h 3894,.255 50 2 3949.417 60 4 4020.994 150 15 
3844.660 2 3895.775 10h 3950.041 150 20 4022.168 800 100 
3846.672 300 50 3895.984 2h 3950.230 200 25 4022.680 30 l 
3846.80) 50 a 3897.249 125 6 3950.410 150 20 4023.832 600 60 
3847.491 2 3897.711 6 3951.212 125 10 4024,300 50 l 
3848.944 40 2 3898. 366 125 6 3952.290 20 2 4024,689 100 4 
3849.449 4 2 3899.95 2h 3952.703 200 30 4025.28 2h 
3850.441 400 80 3901.257 150 10 3953.849 10h 4025.465 2 
3852.132 125 20 3902.088 5H 3954.168 2 4025.857 1 
3852.565 10 1 3902.138 2h 3954.889 6h 4026.179 2 
3852.835 20 3902.824 15 3957.228 40 2 4026.492 10 l 
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Table 1. Arc and spark spectra of ruthenium - Continued 
| eoenoetl Intensit — Intensit a Int nite tensi 
| length, y length, ey length, ntensity length, Intensity 
A Arc Spark A Arc Spark A Arc Spark A Arc Spark 

4027.856 l 4087.562 4H 4145.737 | 1500 50 4199.892 | 3000 200 
4028.434 40 1 4088.370 40 4146.770 600 60 4205.678 20 2 
4030.120 6 4089.598 1 4148.376 200 10 4206.020 | 800 70 
4031.003 200 2 4091.062 | 150 6 4149.886 2h 4207.626 | 150 20 
4032.207 200 3 4093.688 2 4150.303 100 6 4212.062 | 1500 150 
4032.509 50 l 4093.792 10 4150.620 10 2 4214.445 | 300 60 
4033.724 l 4097.022 | 250 6 4152.922 2 4214.553 | 100 30 
4036.468 40 l 4097.787 | 1000 100 4153.865 30 2 4217.263 | 200 30 
4037.738 80 2 4100.365 | 150 3 4154.527 l 4220.675 | 160 20 
4039.215 300 10 4101.226 40 4156.254 25 2h 4221.494 2h 
4040.474 50 4101.742 | 300 60 4157.167 20H 4223.347 l 
4041.259 6 4102.281 150 3 4157.734 50 2 4223.626 6H w 
4041.980 20 4103.586 4h 4158.260 4 4225.095 | 120 10 
| 4044,262 2 4104.049 2 4158.967 6 4226.668 20 6 
4044.710 2 4104.515 2 4159.168 80 4 4227.831 4H 
4045.770 150 10 4104.80 20h 4160.408 6H 4229.312 | 100 6 
4046,883 20 4105.909 50 4161.655 250 30 4230.309 | 250 15 
4046.964 10 4106.217 2 4163.350 a 4231.437 2H 
4047,346 | oI 4106.573 2 4164, 387 10 4232.321 | 100 4 
4049,418 150 10 4107.837 | 200 10 4166.879 150 6 4236.675 60 3 
4051.402 | 1000 300 4108.055 | 100 4 4167.514 | 2000 100 4239.660 6 

| 4052.194 200 30 4108.626 6 4168.758 6 4240.031 4 
4954.050 600 150 4109.640 60 2 4170.050 200 10 4241.058 | 400 30 
4054.713 10 1 4112.741 | 2000 400 4170.592 4 4243.058 | 400 40 
| 4055.446 2 4113,380 | 150 30 4170.908 l 4244,834 60 4 
| 4056.766 6H 4114.128 60 2 4171.577 1 4246.342 | 160 6 
| 4057.467 l 4114.808 3 4171.686 3 4246.736 | 125 30 
| 4057.562 l 4116,853 10 4172.464 1 4246.936 1 

* | 4058,100 | 2 4117.76 a 4172.994 15h 4248,.150 30 2 

14058.852 | 25 4118.500 | 200 4 4173.396 20 4250.615 3 
4059.427 | 4 4119.458 6 4173.991 4H 4255.397 2 

| 4060,393 l 4120.986 | 300 10 4174.912 l 50h 4255.716 10 
|4062.854 | 60 6 4121.126 | 100 2 4175.299 10 4255.887 2 

| 4062,989 200 10 4122.786 ~ ] 4175.436 30 2 4256.608 3h 

| 4063, 325 20 4123.061 | 300 20 4175.614 6h 4258.989 | 200 30 
| 4064,105 200 15 4123.801 75 4 4177.939 1 4260.007 | 100 6 
4064,456 600 30 4126.407 30 4182.455 200 15 4262.472 ] 

| 4066.222 6 4127.439 | 200 10 4182.646 100 4 4263.403 30 2 
4067.610 200 40 4127.869 | 200 20 4182.832 60 4 4265.618 40 4 

| 4068, 367 600 100 4128.664 2 4185.465 10 4265.990 4 

| 4070.400 2h 4131.215 20 2 4188. 380 4 4269.053 2 

| 4071.398 150 10 4133.614 1 4189.463 150 2 4272.957 6 

| 4071.865 20 4133.804 2 4191.022 6 4274.639 1 

|4072.996 | 125 4 4134,854 50 l 4191.496 2h 4277.272 30 2 

| 4073.116 60 2 4135.466 2H 4192.582 ] 4278.272 l 

| | 

| 4074, 469 | 2h 4135.872 2 4193,382 2 4278.698 30 2 

| 4075.978 3 4137.223 | 200 10 4193.586 2 4280.058 ] 

| 4076.730 800 100 4137.710 10H 4193.613 2 4281.941 30 4h 
4079.277 100 2 4137.948 4 4193.723 4 4282.219 80 6 
4080.599 | 1500 800 4139.192 2 4194,673 l 4282.972 6 
4082,789 | 100 2 4139,522 l 4195.698 6h 4283.113 l 
4083.868 4 4140.017 6 4196.138 6h 4284,330 | 400 60 
4084,.676 4H 4140.276 4 4196.863 200 30 4287.048 | 200 20 
4085.353 100 2 4141.856 2 lh 4197.572 400 50 4288.622 lh 
| 300 10 4144,160 | 2000 150 4198.864 400 40 4290.551 30 2h 
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Table 1. 


Arc and spark spectra of ruthenium - Continued 























Wave- p Wave- , Wave- Wave- 
Intensity Intensity Intensity Intensity 
length, length, length, length, 

A Arc Spark A Arc Spark A Are Spark A Arc Spark 
4291.269 lh 4385.393 400 50 4491.674 100 1 4592.513 200 10 
4291.642 lh 4385.650 400 50 4492.920 1 4592.995 10 
4292.274 6 4386.272 80 10 4496.780 1 4593.195 10 
4293.284 150 20 4388.106 lh 4498.138 200 16 4594.641 1 
4294.793 200 30 4388.998 30 2h 4508.043 40 1 4595.404 1 
4295.932 150 40 4390.440 500 100 4508.553 60 2 4596.703 150 10 
4296.694 10 1 4391.031 100 6 4510.082 160 4 4597.331 ] 
4297.714 | 1000 400 4394.970 30 2h 4511.183 140 2 4597.697 1 
4301.154 10 1 4396.700 2 4514.83 2 4599.082 500 60 
4302.017 2 4397.803 150 10h 4516.272 50 1 4600.54 6h 
4303.304 l 4398.733 lh 4516.877 200 20 4601.757 150 
4305.885 10h 4399.597 60 2h 4517.794 160 8 4602.820 30 
4307.604 400 60 4402.286 2 4520.931 160 10 4605.671 150 2 
4308.404 1 4404.815 40 4h 4525.188 4h 4606.824 30h 
4309.215 50 2 4410.028 500 200 4525.931 2h 4608.673 2 
4312,494 16 2h 4412.324 l 1 4526.409 2h 4608.99 l 
4312.902 1 4413.300 20 8 4529,044 4 4610.492 10 
4314.308 60 a 4414,995 a 4530.860 200 10 4612.328 60 
4315.558 20 4420.852 100 20 4531.78 4h 4615.425 2 
4316,643 50 4 4421.456 150 50 4532.443 10 4616.093 2 
4318.441 150 20 4422.978 a 2 4533.301 1 4617.662 30 
4319.132 10 1 4424.796 50 10 4534.480 2 4618.024 4h 
4319.871 150 20 4426.014 a 4535.584 50 4618.799 6 1 
4320.585 8 1 4428.441 250 150 4537.444 1 4620.009 6 
4320.826 8 l 4430.309 4 1 4538.658 8h 4624,322 8 
4321.307 20 1 4433.641 1 4542.430 10 4624.464 4 
4322.971 20 4H 4438.343 2 2h 4543.690 150 2 4626.035 20 
4323.469 2h 4439.413 10 2 4545.713 8 4628.337 30 
4325.059 150 20 4439.745 250 50 4546.930 125 4630.442 10 
4326,822 150 15 4440.069 10 2 4547.278 200 20 4630.688 2 
4327.425 100 6 4444,494 150 30 4547.850 150 20 4631.74 1 
4328,563 16 2 4449,322 400 150 4549.423 80 4633.173 2 
4331.168 100 6 4452.520 l 4549.940 120 6 4633.470 2 
4332.505 40 4h 4460.031 800 250 4552.118 200 2 4635.682 300 20 
4332.649 10 1 4461.472 8 1 4554.514 | 1500 300 4638.419 20h 
4335.125 1 4465.483 10 4 4556.064 10 4639.318 20 
4336.431 80 4 4466,352 30 4 4557.811 6 4640.770 6h 
4337.268 200 6 4467.257 40 10 4559.982 200 a 4640.983 30 
4338.675 20 2h 4470.502 50 4562.601 50 4642.393 15 
4340,351 40 4h 4471.018 6 4564.693 100 2 4642.601 40 
4341.050 30 2h 4472.257 4 4566.681 1 4645.09 200 40 
4342.073 400 50 4473.324 30 4567.885 2 4646.810 6 
4346.484 100 10 4473.909 150 10 4570.241 10 4647.594 600 40 
4349,704 200 30 4475.640 2 4575.738 4 4648.158 60 
4354.130 250 60 4475.880 2 4576.303 2 4650.211 4 
4354.804 100 6 4476.475 4h 4577.416 4 4652.498 a 
4361.204 | 1000 150 4477.97 4 4580.068 150 a 4653.322 2h 
4362,707 10 4479.393 60 1 4584.440 | 1000 100 4653.759 70 1 
4364,108 10 1 4480.434 150 10 4587.099 60 2h 4654.311 400 30 
4368.761 4 4482.031 60 1 4587.800 2h 4654.780 50 
4370.418 40 1 4483.824 1 4589.574 15 4656.415 60 
4371.209 60 4 4484.674 1 4590.727 2h 4657.402 15h 
4372,200 | 2000 200 4486.801 1 4591.097 200 4660.640 4 
4381.276 30 2h 4488,377 150 4 4591.546 100 4662.254 6 
4383.368 60 10 4490.220 140 2 4592.005 6 4662.494 20 
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Table 1. Arc and spark spectra of ruthenium - Continued 
wave- Intensit ware Intensit —— Intensit enanl I j 
length, nsity length, ntensity length, ntensity length, ntensity 
A Arc Spark A Arc Spark A Arc Spark A Arc Spark 

4665.000 10 4761.533 6 4852.898 2 4940.131 1 
4669.139 100 1 4764.406 150 4853.503 50 4941.575 20 
4669.973 250 4 4766.647 4 4854.559 150 4942.37 4h 
4671.368 6 4767.153 60 4857.990 2 4944.006 60 
4674.638 300 30 4769,306 300 10 4859.245 2 4944,404 20 
4681.408 40 1 4773.155 125 l 4860.157 8 4951.26 2 
4681.780 400 50 4774,004 125 4 4860.444 15 4955.272 200 6 
4682.096 20 4781.112 15 4861.865 150 60 4959.872 150 2 
4684.013 300 30 4781.770 50 4863.105 60 10 4962.872 1 
4685,052 2 4783.300 20 4865.090 75 40 4964.079 6 
4685.778 50 2 4784.266 150 4869.163 | 1000 200 4964.885 15 
4€90,114 400 50 4785.079 1 4869. 782 100 4966.109 10 
4692.912 2h 4787.357 10 4871.368 lh 4967.368 10 
4695.253 10 4790.809 4h 4871.588 4 4967.618 30 
4698, 700 1 4794, 386 150 4874,329 150 1 4968.006 50 1 
4700.261 2 4795.575 150 4875.020 160 1 4968.900 300 10 
4705.16 1 4798.450 150 4875.998 6h 4970.181 6 
4709.482 | 1000 200 4801.180 60 4877.414 50 4970.798 10 
4710.968 20 4802.91 20 4877.885 30 4971.414 10 
4711.988 80 4804.887 200 os 4882.654 50 4974.106 150 6 
4712.502 16h 4806.212 80 2 4885.016 40 4975.371 100 
4713.370 10 4807.633 a 4886.347 6h 4976.200 250 6 
4713.567 a 4809.714 20 4887.538 1 4977.208 10h 
4714.17 lh 4810.693 a 4888.605 30 4977.982 50 
4714.834 1 4812.225 6 4889.820 20h 4980.359 300 10 
4715.615 6 4812.849 6 4892.824 10h 4983.103 6h 
4716.049 100 1 4813.231 20 5 4894.208 3 4983.443 150 2 
4718,061 20 4814,099 2 4895.340 200 10 4984.695 30 
4718.840 6 4814.741 25 6H 4895.609 400 20 4987.262 160 a 
4720.920 120 2 4815.531 200 125 4899.255 200 4 4991.196 2h 
4721.848 1 4817.353 60 20 4901.071 100 1 4992.741 200 10 
4723.226 10 4820.251 2 4901.855 80 4994.898 10 
4724.799 40 4822.584 80 4903.066 600 100 4996.24 1 
4727.584 a 4824.356 2 4904.593 60h 4998.049 10h 
4728,586 2h 4825.751 4 4905.030 150 2 4999.00 lh 
4731.323 300 20 4826.207 30h 4907.895 200 6 4999.538 6h 
4733.319 150 4826.567 30h 4910.236 125 5002.653 4h 
4733.520 300 20 4827.648 4h 4911.598 100 5003.523 125 
4738.410 100 2 4827.867 4h 4913.278 60 5005.243 100 
4740.332 10 4828.683 40 4914195 80 5010.600 125 
4741.273 20H 4831.633 2 4917.341 20 5011.234 250 10 
4742.486 2H 4832.998 200 6 4918.369 6 5014.320 1 
4743.028 125 4 4836.412 1 4919.004 125 5014.957 200 10 
4743.670 2 4838.161 40 4919.646 a 5015.997 2 
4743.984 2 4839.014 150 4921.081 500 40 5016.816 8 
4744.654 4 4839.760 125 4923.725 2 5018.961 150 2 
4745.859 1 4841.756 10 4924518 2 5020.315 80 1 
4749,803 2 4843.767 10 4930.934 a 5026.197 300 5 
4750.040 3 4844,560 | 200 20 4931.73 1 5028.162 200 3 
4751.015 30 4845.899 6 4932.37 1 5031.895 
4751.454 4h 4846.111 a 4934.613 10 5032.34 1 
4752.140 30 4847.871 10 4935.640 150 5032.900 2 
4753.844 6 4848.166 15 4936.244 50 5036.986 6 
4756.244 250 10 4851.935 6 4937.219 125 5039.037 10 
4757.844 500 60 4852.60 1 4938.444 200 10 5039.627 150 1 
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Table 1. 


Arc and spark spectra of ruthenium - Continued 























wae Intensit ened Intensit a Intensi ae I i 
length, od length, Pw length, we length, arse 
A Arc Spark A Arc Spark A Arc Spark A Arc Spark 

5040. 357 125 3 5153.214 125 a 5272.002 10 5395.385 40 1 
5040.738 160 5 5154.604 60 5273.46 1 5397.976 2 

5041.350 20 5155.140 | 400 25 5274.042 10 5401.047 500 10H 
5041.978 20 5160.008 150 8 5275.087 150 1 5401.402 400 5H 
5045.432 100 5166.234 2h 5275.756 60 5403.329 2 

5047.308 | 200 5 5168.062 50 1 5278.375 60 1 5405.249 4 

5052.955 100 2 5168.636 20 5280.074 20h 5405.384 a 

5057.340 | 1000 25 5170.078 20h 1 5280.812 150 2 5410.377 20 

5057.68 10 5171.026 | 1000 100 5284.089 300 10 5410.810 2 

5062.658 125 2 5173.937 40H 5284.418 50 1 5412.839 10 

5063.196 15 5177.993 50 5291.169 150 5 5413.75 1 

5066. 668 10 1 5178.643 10h 5291.886 2 5415.38 1 

5067.62 lh 5181.348 2h 5293.226 2 5416.494 15h 
5067.790 60 1 5183.,608 4h 5296.22 3 5417.344 20 1 
5071.013 60 1 5184753 30 5304.852 200 6 5418.864 250 6 
5072.993 250 7 5186.52 1 5305.850 50 2 5419.13 5H 
5074.76 lh 5188.410 6 5306.453 50 b 5420.15 1 

5075.641 4h 5189.699 20 1 5307.284 60 lh 5421.120 4 

5076.087 100 2 5193.026 a 5309.259 | 1000 6 5424.722 4 

5076,.327 300 6 5195.017 | 400 15 5315.339 200 4 5427.610 400 5H 
5079.463 125 l 5195.41 1 5316.589 4 5429.96 lh 
5080.744 6h 5197.058 50 l 5317.92 1 5430.928 4h 
5081.466 2h 5199.873 150 10h 5318.749 6 5433.64 2h 

5082.91 1 5202.127 100 8 5320.830 6 5436.65 1 

5083.992 2h 5202.897 4h 5325.37 1 5439.218 150 lh 
5084.58 lh 5205.330 2h 5327.065 10H 5439.416 100 lh 
5086.776 150 lh 5209.502 100 2 5328,023 50 1 5440.206 60 1 
5090.086 100 1 5213.440 300 2H 5328.822 2 5444.621 4 

5093.850 600 15 5214.079 100 1H 5332.932 150 5 5448.471 6 

5094.629 4 1 5219.072 a 5334.716} 200 2H 5449.51 2 

5096.220 20 5223.550 300 6 5335.924 250 10 5450.04 2 

5100.850 10h 5224.135 2h 5340.175 4 5452.728 100 lh 
5101.395 200 5 5225.086 50 5341.712 oI 5453.388 6 
5101.724 125 2 5226.362 2h 5342.230 4 5453.974 4 

5106.570 100 5 5227.278 40 1 5343.308 2 5454.26 3 

5107,071 200 10 5235.578 60 5346.791 50 5454.809 250 6h 
5111.249 2h 5236.951 10 5347.20 1 5456.124 200 10 
5113.06 50H 1H 5242.386 200 2H 5348.132 80 1 5458.802 6 
5114.590 40 1 5242.951 150 1H 5348.58 1 5461.902 20 
5114.996 60 1 5244.234 2h 5350.420 100 5463.161 15 
5119.866 30 5244.971 10h 5353.693 6 5464.913 20 
5121.430 15 5245.453 50 2 5354.952 20 5468.228 10 

5122.975 30h 5246.840 2h 5359.644 100 5470.266 4 

5123.761 125 2 5250.458 10 5361.792 600 6H 5471.526 40h 
5126.775 6 5251.664 300 1H 5362.094 50 1 5472.852 80 1 
5127.265 150 4 5255.445 1 5365.604 125 5473.674 20h 
5129.279 30 5257.081 200 2H 5369.226 10h 5475.187 150 lh 
5133.895 200 5 5263.960 100 lh 5373.281 20 5476.360 60 1 
5134.111 150 2 5265.922 30 5373.409 25 5479.415 250 6h 
5136.558 | 1000 50 5266.232 40 5377.068 60 1 5480.305 200 6h 
5142.325 40 5266.469 100 3 5377.840 300 5h 5481.130 4 
5142.772 400 10 5266.815 100 3 5384.12 3h 5482.180 10 
5147.246 400 15 5269.139 2 5385.898 | 200 6 5483.251 10h 
5149.753 10 1 5271.174 4 5388.629 50 6 5484,325 200 10 
5151.070 300 10 5271.45 1 5391.59 2h 5484.646 100 3 
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Table 1. Arc and spark spectra of ruthenium - Continued 
wave= Intensit beans Intensit — Intensi vnc Int i 
length, aattedd length, ened length, we length, spieiniied 
A Arc Spark A Arc Spark A Arc Spark A Arc Spark 

5485.11 2h 5645.74 1 5762.345 16h 5926.862 150 4 
5485.702 20h 5647.577 60 5763.659 30 5928.362 6 
5490.578 30 5647.888 80h 5766.119 a 5929.292 a 
5490.824 2 5648.695 1 5766.589 2 5929.630 2 

5494.36 100 5649.569 125 1 5766.905 6 5932.384 100 
5496.696 160 a 5650.818 10 5767.923 100 2 5936.644 150 2 
5498.999 4 5652.80 l 5771.215 30 5938.580 40 
5499.641 30 5653.314 80 1 5774.384 100 5943.728 20 
5501.024 150 lh 5656.640 10 5774.847 4h 5944.386 50 
5501.660 4h 5656.978 60 5776.866 6h 5951.154 125 

5502.20 1 5658.442 10 5779.961 6 5953.382 10 
5506.940 50 5663.071 6 5782.365 60 5969.348 60 
5510.723 500 20 5665.206 100 5782.572 80 3 5970.544 30 
5512.378 80 3 5670.512 6 5783.751 20h 5973.370 400 1H 
5517.846 60 2 5671.93 2 5784.091 20h 5973.672 100 2 
5519.13 2h 5674.844 10h 5784.78 1 5974.162 150 2 
5521.780 60 1 5676.556 30 5790.588 50 5978.022 lh 
5522.626 6h 5679.623 100 5792.226 50 5980.643 10 
5524.148 4 5681.524 4 5798.845 6 5982.243 8 
5524.755 2h 5682.26 1 5800.011 10h 5984.966 2h 
5526.116 6 5688.830 50 5802.016 10 5986.63 4h 
5526.346 6 5692.114 6 5804.382 150 a 5988.676 200 5 
5531.001 60 l 5693.032 100 lh 5807.960 60h 5989.594 2h 
5540.659 150 3 5694.462 50 1 5810.87 2 5991.178 6 
5542.35 4 5696.35 80 5813.014 2 5991.194 3 
5549.749 30 5699.049 600 30 5814.988 400 6 5991.485 2 
5553.78 1 5699.58 100 2 5820.01 1 5991.497 4 
5556.524 100 2 5702.368 150 3 5825.29 1 5992.580 20 
5559.744 400 10 5705.15 2 5825.846 30 5993.658 150 6 
5569.036 150 3 5711.27 lh 5827.316 10 6002.889 4 
5570.71 15 1 5712.86 150 1 5828.075 100 a 6003.872 30 
5572.30 2 5714.233 40 1 5828.408 50 1 6004,454 6h 
5578.412 500 2 5715.89 4h 5830.844 10 6006.972 2 
5578.688 10 l 5718.96 2 5833.197 100 lh 6009.108 6 
5579.435 60 5723.058 40 5833.407 60 lh 6012.776 6 
5583.054 4h 5724.818 125 3 5864.624 30 6021.840 30h 
5587.436 4 5725.740 100 3 5874.378 6 6022.302 100 2 
5595.208 20 5729.963 50h lh 5875.797 3 6026,344 4 
5600.530 50 5730.589 40h lh 5886.611 2h 6027.497 40h 
5603.144 125 3 5731.295 1 5887.16] 40 6029.103 60 
5603.552 100 2 5732.90 4h 5887.692 10 6033.341 20 
5606.748 150 1 5734,.445 10 5888. 383 10 6037.735 4h 
5607.744 4h 5 5735.54 1H 5888.74 15H 6038,734 3 
5609.147 100 5736.980 a 5891.95 4 6046.376 100 l 
5611.398 6 5737.43 1 5893.612 2 10 6054.071 20 
5619.374 4 5740.555 40 5894.721 8 6057.453 4h 
5625.07 2h 5745.65 100 5896.488 1 6065.189 20 
5627.506 60h 5746.002 150 2 5896.894 15 6073.90 10 
5629.798 60 l 5747.481 150 5901.18 20h 6077.79 lh 
5631.584 30h 5752.022 125 ] 5902.284 2 6078.212 4h 
5633.560 20 5753.621 20 5904.426 80 6078.831 2 
5636.233 | 1000 100 5756.188 l6h 5914.226 60 1 6080.08 200 
5636.71 2 5756.832 100 l 5919.340 200 10 6081.39 l 
5638.716 6h 5758.722 60 5921.450 500 10 6082.298 15h 
5641.671 100 1 5760.23 l 5924.362 6h 6083.522 60 
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Table 1. Arc and spark spectra of ruthenium - Continued 
Wave- / Wave- : Wave- : Wave- 
Intensity Intensity Intensity Intensity 
length, length, length, length, 

A Arc Spark A Arc Spark A Arc Spark A Are Spark 
6085.121 50 6304.07 60 6540.24 70 6805.05 2 
6089.426 10 6304.49 40 6544.23 15 6805.53 8 
6090.522 300 lh 6306.79 10 6556.24 2 6807.00 l 
6096.891 4h 6307.60 2 6557.83 2 6812.90 8 
6101.560 15 6309.66 60 6559.46 6 6813.52 40 
6103.69 10H 6310.37 4h 6560.45 60 6821.73 3 
6108.97 100 6311.10 50 6561.49 2 6823.88 100 
6114.97 6 6311.39 4 6569.09 15 6824.17 150 
6116.77 300 3 6316.73 60 6577.96 2 6829.27 l 
6119.844 60 6324.24 50 6593.75 30 6831.44 20 
6121.032 6 6330.62 150 lh 6596.58 10 6831.54 30 
6122.376 50 6331.52 3 6613.11 10 6832.71 1 
6137.77 1 6336.10 30 6618.22 50 6834.11 1 
6141.527 60 6343.07 20 6620.40 2 6836.06 3 
6150,073 10 6351.90 20 6633.40 3 6837.04 3 
6170.237 6 6357.75 15 6635.27 10 6837.96 10 
6170.605 200 3 6357.95 150 6640.88 6 6841.55 1 
6173.127 10 6363.41 100 6649.54 7 6843.13 2 
6174.210 50 6371.29 2 20 6651.47 7 6843.83 l 
6176.774 100 6376.45 100 1 6658.83 2 6850.84 5 
6177.736 10 6382.98 60 l 6662.68 4h 6852.93 1 
6179.973 4 6384.66 50 1 6663.16 200 6858.76 lh 
6185.835 10 6388.06 15 6664.10 10 6867.16 2 
6189.488 10 6388.79 1 6667.72 1 6872.92 20 
6192,552 300 2 6390.21 80 3 6669.72 3 6875.15 1 
6195.33 30 6395.89 2 6676.62 1 6879.28 lh 
6195.97 20 6401.40 5 6688.22 2 6883.51 3 
6197.15 10 6404.86 2 6690.01 400 6885.66 9h 
6199.42 400 5 6406.07 10 6702.08 20 6891.70 1 
6210.31 30h 6413.33 2 6706.78 2 6891.98 2 
6210.75 50 6417.56 100 1 6707.56 30 6902.25 6 
6213.63 4 6429.55 10 6717.57 2 6908.25 1 
6217.35 2H 6432.10 6 6718.31 80 6909.75 3 
6217.52 a 6440.33 10 6718.91 2 6911.46 200 
6219.58 10 6444,84 200 ih 6721.81 7 6912.47 1 
6225.22 300 1 6445.85 4 6724.87 l 6913.83 3 
6225.67 10 6451.88 a 6730.46 80 6918.50 20 
6231.81 20 6456.91 8 6731.79 20 6920.13 2 
6232.75 4 6457.43 10 6733.95 3 6921.97 a 
6233.68 6h 6461.19 oI 6738.12 2 6923.21 800 
6235.63 100 6464.27 6 6742.92 10 6926.67 2 
6235.97 10h 6468.64 9 6749.81 1 6928.71 2 
6241.62 10 6472.51 8 6750.39 2 6929.90 1 
6252.067 150 6477.90 7h 6751.73 10 6934.20 1 
6255.293 6 6482.22 4 6756.54 100 6934.83 20 
6258.00 6 6484.49 12 6760.87 2 6937.07 1 
6270.07 4 6492.36 3 6766.77 50 6938.13 3 
6274.503 20 6496.43 100 1 6766.98 150 6952.10 lh 
6275.12 4 6499.78 2 6770.15 2 6958, 34 3 
6284.49 100 6506.26 2 6775.01 100 6958.85 3 
6285.68 6 6509.64 2 6778.30 lh 6959.78 1 
6289.34 a 6519.06 30 6779.15 2 6960.76 20 
6290,100 50 6520.91 4 6787.20 60 6963.06 1 
6295.220 300 4 6528.73 90 6789.68 2 6968.43 2 
6303,242 30 6531.60 2 6792.94 1 6971.12 l 
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Table 1. Arc and spark spectra of ruthenium - Continued 
— Intensit ~ Intensit a Intensi ace Intensi 
length, y length, ntensity length, ntensity senate tensity 
A Arc Spark A Arc Spark A Arc Spark A Arc Spark 
6980.62 l 7183.01 30 7393.93 800 7621.52 500 
6981.98 300 7192.39 3h 7405.70 1 7633.11 3h 
6995.49 3 7194.50 20 7407.51 20 7647.41 > 
6997.56 lh 7205.87 2 7410.27 40 7658.43 50 
6998.27 4 7212.57 10 7410.62 5 7660.35 5 
7001.63 40 7219.26 150 7419.59 10 7665.14 10 
7001.84 4 7225.32 5 7425.44 1 7669.61 lh 
7012.87 l 7226, 33 3h 7427.66 lh 7677.45 20h 
7016.13 3 7229.81 4 7429.55 2 7683.18 1 
7017.46 3 7233.96 4 7430.57 2 7687.50 20h 
7027.95 400 7236.61 3 7430.76 50 7688.62 1 
7032.32 1 7238.90 400 7438.32 20 7690.54 3 
7033.12 3 7240.22 20 7445.44 20 7691.61 2h 
7034.47 10h 7240.41 3 7448.37 2h 7694.52 3 
7035.00 l 7247.12 l 7449.66 10 7697.42 4d 
7035.87 2 7247.54 lh 7450.62 30h 1 7697.67 l 
7039.85 2 7249.10 10 7450.80 a 7701.42 9 
7042.49 l 7255.16 2 7453.62 40 7719.26 10 
7052.90 2 7255.47 1 7454.15 2 7720.45 10 
7054.80 3h 7260.65 l 7458.43 9 7722.89 500 
7057.12 9 7264.97 2 7463.70 30 7728.99 3 
7058.42 10 7266.95 100 7465.77 5 7729.87 20 
7060.36 60 7267.76 10 7467.78 1 7733.99 2 
7061.12 10h 7268.02 1 7468.91 700 5 7736.19 1 
7061.25 100 7272.24 4h 7475.40 300 7737.17 2h 
7061.80 1 7284.65 1 7485.75 800 7739.79 2 
7070.15 8 7289.76 3h 7486.07 30 7744.45 1 
7073.70 l 7290.90 2h 7495.18 a 7747.19 1 
7076.16 1 7297.10 20 7499.74 800 7750.54 5 
7080.32 2 7306.36 2 7503.09 6 7759.63 6 
7083.69 8 7312.63 30 7511.72 2 7770.86 7 
7086.04 200 7315.66 20 7514.73 1 7774.98 2 
7087.32 200 7318.81 S 7516.05 2 7781.34 6 
7103.40 3 7319.88 lh 7519.59 30 7788.90 3h 
7104.15 2 7322.06 7 7526.49 7 7789.58 2 
7110.57 20h 7323.57 150 7529.58 100 7791.81 300 
7120.43 lh 7326.21 3 7532.07 150 7797.90 80 
7120.74 2 7329.82 10 7540.85 7 7800.16 3 
7126.80 70 7334.43 1 7541.67 7 7802, 32 lh 
7130.64 2 7338.89 10 7544.19 6 7806.52 2 
7135.17 15 7339.73 l 7545.08 1 7806.78 100 
7135.64 20 7341.44 9 7549.87 2 7809.19 5 
7140.81 6 7341.82 5 7554.28 20 7813.43 40 
7141.71 70 7342.39 4 7559.62 700 7813.96 5 
7146.41 3 7343.49 1 7563.68 2 7815.38 5h 
7154.18 40 7348.72 40 7569.34 5 7829.81 70 
7160.06 1 7350.67 1 7575.08 10 7830.51 10 
7165.83 2h 7351.92 8 7581.36 4 7833.37 100 
7167.76 15 7356.27 2h 7596.87 2h 7834.02 1 
7168.46 5 7374.31 2h 7598.23 3 7834.78 40 
7171.75 2 7377.31 2h 7600.39 1 7838.42 3 
7175.18 1 7377.77 100 7609.01 4 7840.39 1 
7175.78 3 7381.09 40 7611.50 4 7841.92 100 
7178.94 2h 7382.81 2 7612.97 100 7844,83 1 
7182.20 15 7391.33 2 7616.74 5 7847.81 300 
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Table 1. Arc and spark spectra of ruthenium - Continued 
hesapse Intensity haontoe Intensity ae Intensity — Intensity 
length, length, length, length, 

A Arc Spark A Arc Spark A Arc Spark A Arce Spark 
7853.76 20 8133.44 lh 8503.42 2 9216.46 2 
7862.70 1 8144.33 1 8506.01 1 9224.59 1 
7867.58 2h 8148.48 9 8511.81 3 9232.01 7 
7871.92 10 8157.69 15 8522.21 lh 9244, 36 1 
7875.27 3 8168.85 20 8523.23 5 9250.01 2 
7876.78 10 8173.91 15 8556.05 9 9253.42 2 
7881.47 200 8181.99 30h 8570.84 1 9257.46 2h 
7890.40 100 8184.96 lh 8585.67 4 9260.93 2h 
7893.22 7 8185.82 2 8593.20 2 9262.75 3h 
7894.69 1 8188.03 lh 8609.02 3 9266.02 4h 
7898.48 3 8194.54 8h 8616.83 2 9271.16 3 
7900.20 30 8216.25 5 8637.05 10 9273.15 200 
7904.10 6 8220.48 50 8649.99 2 9280.75 5h 
7905.17 9 8231.96 2 8656.55 1 9285.60 lh 
7906.10 20 8235.71 2h 8658.95 10 9287.92 1 
7908.73 10 8237.46 * 8693.15 2 9288.60 1 
7909.84 1 8239.21 15h 8710.84 200 9297.53 10 
7917.53 7 8241.24 1 8724.97 100 9300.70 2 
7919.75 5 8246.80 o 8741.88 5 9307.23 1 
7922.97 60 8251.32 3 8754.37 1 9319.87 15 
7924.45 100 8260.22 8 8756.12 1 9322.77 50 
7928.41 2 8264.95 400 8757.45 2 9325.77 3 
7930.36 o 8269.02 3h 8777.36 60 9341.10 l 
7941.08 3 8281.00 2 8839.92 l 9344.62 4h 
7947.97 10 8281.98 30 8856.89 20 9355.23 l 
7948.15 200 8291.89 lh 8867.64 5 9386.81 1 
7950.45 lh 8296.45 2 8868.06 20 9387.75 2 
7953.05 1 8297.23 2 8873.76 2 9392.78 4 
7963.83 6 8304.90 2 8876.55 1 9396.09 15 
7967.88 200 8309.04 2 8893.29 1 9407.76 20 
7974.74 2h 8320.13 2h 8896.66 2 9431.15 1 
7993.75 5 8330.16 1 8944.57 1 9437.11 1 
7994.63 6 8348.99 250 8948.51 3 9445.03 20 
7999.28 2 8350.23 7 8953.57 5 9452.67 1 
7999.79 20 8352.93 200 8957.14 5h 9463.41 4 
8009.64 4 8354.92 1 9023.54 3 9485.79 l 
8017.64 20 8376.90 a 9037.27 1 9492.49 5 
8028.28 l 8377.62 1 9039.92 3 9518.09 6 
8036.68 60 8384.12 3 9053.45 2 9535.45 3 
8043.36 2 8388.96 10 9059.26 2 9538.48 1 
8049.79 3 8395.68 1 9066.50 2 9539.87 50 
8050.29 2 8400.60 15 9079.09 1 9557.05 1 
8055.05 lh 8420.40 2 9081.78 2h 9561.68 50 
8058.45 3 8434.45 lh 9084.95 50 9565.95 1 
8061.13 3h 8435.77 80 9107.72 8 9569.01 2 
8074.43 10 8440.42 4 9126.45 10 9585.26 60 
8082.06 2 8448.69 30 9134.63 4 9587.00 3 
8083.23 2h 8454.92 2 9139.04 15 9588.83 1 
8089.47 7 8456.70 2 9155.72 15 9593.28 1 
8090.23 20 8473.66 200 9156.72 1 9603.68 1 
8091.05 2 8480.60 9 9165.22 90 9613.40 lh 
8099.28 1 8483.56 200 9169.71 1 9622.37 3 
8105.47 S 8490.45 6 9175.86 5 9624.25 2H 
8112.47 150 8494.06 7 9186.16 2 9627.62 2 
8114.05 1 8497.94 3 9189.20 150 9632.53 1 
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Table 1, Arc and spark spectra of ruthenium - Continued 

Wave- , Wave- Wave- : Wave- - 
weaatth. Intensity length, Intensity length, Intensity length, Intensity 

A Arc Spark A Arc Spark A Arc Spark A Arc Spark 
9642.75 l 9760.5 2h 9916.63 3 10580.54 2h 
9646.43 15h 9765.83 l 9920.03 l 10597.77 100c 
9664.60 3 9768.26 lh 9921.14 1 10609.24 2h 
9671.71 lh 9778.20 lh 9925.07 3 10630.05 4 
9677.96 lh 9780.2 1 9946.83 5 10649,83 6 
9688.45 2h 9791.77 60 10024.99 15h 10786.22 1 
9694.93 30 9801.15 lh 10054.15 20 10815.28 3h 
9706.51 1 9802.65 l 10067.67 lh 10838.05 2 
9714.44 5 9808.28 l 10082.93 30 10850. 32 l 
9715.83 1 9820.88 2h 10140,42 lh 10858.97 1 
9717.08 l 9828.92 4h 10215.71 lh 10937.16 2h 
9722.59 3h 9842.26 lh 10221.18 3h 10953.4 lh 
9726.44 3h 9843.92 1 10228.91 8 11184,28 a 
9729.37 2 9849.75 2 10286.65 3 11199,67 8 
9732.17 lh 9867.36 3 10288.54 2 11298,66 3 
9735.23 5 9879.76 3 10289.39 2 11325.88 6 
9742.40 3 9887.87 150 10303.56 8 11483.91 3 
9747.44 4 9890.04 1 10371.28 6 
9751.24 2 9906.39 2h 10402.07 lh 
9759.05 1 9909.98 2h 10512.58 40 
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